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these shells the lip is still thin as in Bithynia and the operculum, 
which in the fully formed shell cannot be retracted, is drawn in as 
far as the beginning of the new addition to the shell. I have 
observed a similar stage in shells of Hydrobioides. 

The soft parts and radula are very like those of the new 
species {D. tcxtum) now to be described (fig. i). 

D. pulchellum is much scarcer in the Manipur valley than 
either A. orcula or D. texlum. We took it only in ponds at Imphal. 
In habits it resembles these two species. 

Digoniostoma tcxtum, sp. nov. 

The shell is not more than 8 mm. high and 5 mm. in maximum 
diameter. It is broadly and irregulary ovate in outline with the 
apex minutely and obliquely flattened, the whorls nioderately 
convex and not at all angulate externally and the inner anterior 
extremity pointed and produced obliquely. There are 4^ whorls, 
of which the first whorl and a half are minute and inconspicuous. 
The others increase evenly but rapidl}'^ in size. They are slightly 
flattened above and more distinct in the inner than in the outer 
outline. The suture is oblique, linear, and, except at the apex, 
impressed. The spire is shorter than the body-whorl in dorsal view. 
Its whorls are oblique and transverse, more than twice as broad as 
deep. The body-whorl in dorsal view is obliquely trumpet-shaped, 
expanding greatly towards the outer margin. The aperture is 
relatively long, ratljer narrowly oval, slightly oblique, less than f 
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as long as the body-whorl. The outer lip turns inwards above and. 
meets the inner callus at an angle slightly greater than a right 
angle. The columellar border is arched, prominent and thick, with 
its lamellar structure well developed. The umbilicus is almost 
closed but the channel running forward from it well defined. The 
inner lower angle of the lip is strongly developed. 



Fig. I. —Type-shell of Digoniostoma texium^ 



The operculum is large, subrhomboidal, moderately thick, testa¬ 
ceous-translucent when fresh but soon becoming white and dull. 
There is a very delicate brownish periostracum on the external sur¬ 
face, which is rather deeply concave in the central region. The 
nucleus is subcentral, but situated slightly in front of the middle 
point. The sculpture is poorly developed but several faint concentric 
ridges can be detected round the periphery, while the nucleus re¬ 
tains traces of a spiral origin. The internal surface is convex and 
faintly granular, with a rather broad flattened border on the outer 
margin. 

The radula is like that of a typical Bithynia. The specific 
characters of the teeth are well showii in fig. 2. 



The external soft parts are dull greenish speckled with yellow. 
The feet, snout and tentacles are normal, the foot is rather shorter 
and the operculiferous lobe larger than some species. The male 
organ is densely pigmented, long, coiled, tapering and produced to 
a very fine point. Its subsidiary appendage is colourless, long and 
slender, cylindrical and with a simple cup-shaped depression at the 
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tip. It projects outwards towards the left at a right angle and 
originates near the base of the inner side of the penis. 

Type-series .—No. 11860/2 Zool. Surv. Ind. ilnd. Mus.). 

Rahitat. —The species is abundant and generally distributed 
iti the Manipur valley, outside which it has not been found. It 
lives in small sluggish streams, pools and swamps in the plains but 
was not found in the lyoktak Take. It crawls slowly on the lower 
surface of floating grass-stems and water-weeds and can float 
shell downwards on the lower side of the surface film. It is resist¬ 
ant to drought, and individuals brought dry to Calcutta revived 
on being placed in water after over a fortnight’s desiccation. The 
shell is usually covered with mud. 

A-ffinities, etc. —As in most Indian species of the genus the 
shell is somewhat variable in shape and the spire is more produced 
in some individuals than in others. In the majority, however, it is 
relatively short and has a rather close resemblance in general out¬ 
lines to some species of Alocinma. In sculpture it closely re¬ 
sembles A . travancorica (Benson). The structure ol the aperture and 
the adjacent parts is, however, eminently characteristic of Digonios- 
toma and the operculum, though like that of Hydrohioides nassa it 
shows traces externally of a spiral origin in the nuclear region, is 
much less spiral than in A locinma. I am not acquainted with any 
species to which D. textum is closely related. 


Family VIVIPARIDAE. 

This family may almost be called the dominant one among 
the Gastropods of the Manipur valley, for not only are individuals 
extremely abundant, but the two commonest species attain a size 
quite exceptional. Four species are represented in our collection, 
of which two are rare, while two occur in all suitable bodies of 
water in very large numbers. 

Vivipara, Montfort. 

1920. Vivipara, Annandale, Rec. Ind. Mus. XIX, p. 112. 

In the paper cited I have separated the Indian species of 
this genus into four groups, the Viviparae bengalenses, the Vivi- 
parae oxytropides, the Viviparae dissimiles, and the Viviparae 
sindicae. With the exception of the last, each of these groups 
is represented in the Manipur fauna by one species and all but one 
{V oxytropis) of these species are apparently endemic. 

Viviparae bengaeenses. 

This group has as its Manipur representative a hitherto un¬ 
described species quite distinct from both V hengalensis (Lamarck), 
the races and phases of which are scattered over most parts of 
the Indian Empire, and V nagaensis, Preston, which is known only 
from the Naga Hills. For this new species I propose the name:— 
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Vivipara crassispiralis, sp. iiov, 

(Plate IV, fig. I.) 

The shell is ovate-conical, rather bluntly acuminate, from 
to if times as high as broad, thin, of an almost uniform bright 
olive-green but with faintly darkened spiral bands, with the 
whorls tumid and obliquely, rather broadly flattened outside the 







Fici. 3.—Radular teeth of Viviparidae. 

A. —Vivipara crasiispiralis. 

B. — V. oxytropis. 

C. —Lecythoconcha lecyihis. 


suture, which is linearly impressed. The sculpture consists of 
prominent spiral ridges, of which two are visible on the penultimate 
and antepenultimate whorls and three on the upper part of the 
body-whorl, and of numerous fine spiral lines crossed at fairly 
regular intervals by rather coarser oblique vertical lines. The 
ridges are nearly solid. There are whorls in all when the shell 
is complete. The first whorl and a half are smooth except for the 
fine lines. All increase in size gradually and evenly. The body- 
whorl is transverse and oblique, with its anterior margin strongly 
sinuate. It shows 110 tendency to be biangulate and the peripheral 
ridge is hardly stronger than the others above it; below it there 
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are about six rather more delicate spiral ridges. The mouth is 
rather small, suboval, oblique, and from to if times as high as 
broad. It is evenly rounded below and obliquely, bluntly pointed 
above. The peristome is not continuous. The outer lip is thin, 
evenl)'^ and broadly arched. Its outline is rendered irregular by 
the ends of the spiral ridges. The columella is arched, slightly la¬ 
minated and retroverted, of a bluish white colour. The umbilicus 
is rimately perforate. The interior of the shell is faintly tinged 
with bluish white. 

The following are the measurements in millimetres of the five 
shells in the type-series :— 


Height 

26 

26 

23 

21 

20 

Max. diam. 

20'5 

19 

17 

17 

16 

Height of aperture (oblique) 

14 

12*5 

12 

12 

12 

Max. diam. of aperture 

II 

9'5 

8-5 

9 

7'5 


The operculum is very thin, of broadly ovate outline, broadly 
and rather deeply concave on the external surface. The scar, 
which is situated much nearer the inner than the outer margin, is 
not greatly thickened but much deeper in colour than the rest of 
the structure and surrounded by an opaque whitish ring. The 
external sculpture consists of fine concentric striae, the margin is 
very thin and slightly recurved. 

The edge of the mantle is thin, with a fairly well-developed 
superior sphincter muscle. Minute papillae are present on the 
margin, corresponding in position to the coarse spiral ridges of the 
shell, but they are rather hard to detect in preserved material. 

The radula is like that of V bengalensisy but the lobular cen¬ 
tral process of the central and marginals is triangular and the 
lateral denticulations of the same teeth fewer and shorter. 

Type-series. —No. M iiy^Sfz Zool. Surv. Ind. {Ind. Mus.). 

Locality. —The five shells which form the type-series were pur¬ 
chased in the bazaar at Imphal in a living state by Mr. Sundar 
lyal Hora with living specimens of Paludomus pustulosa, sp. nov. 
They were said to have been brought from th?f Chakpi stream in 
the south of the Manipur valley near the Burmese frontier. I have 
not seen living specimens. 

Affinities. —The species is allied to V hengalensis doliaris from 
Burma but the spiral ridges are much more strongly developed 
and less darkened, the body-whorl is not at all biangulate and the 
colour is brighter and deeper. Unfortunately we know nothing of 
its habits with certainty but its occurrence with a Paludomus of 
the coftica group would suggest that it is possibly fiuviatile rather 
than paludine. It has no real relation to V oxytropis in spite of 
its superficial resemblance on account of the thickened spiral rid¬ 
ges ; for the base of the shell is not at all flattened but distinctly 
tumid, while the apical portion is conoidal rather than conical, and 
the peripheral ridge is no more prominent than the others. The 
resemblance to certain Chinese and Philippine shells is probably 
quite superficial. 
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ViVIPARAE OXYTROPIDES. 

Vivipara microchactophora, sp. nov. 

1877. Paludina bengalensis \ax. cingulata {\i\ part), Nevill, Cat. Moll. 
Ind. Mus. E, p. 29. 

1885. Paludina bengalensis subsp. cingulata, subvar. Nevill Hand 
List Moll. Ind. II, p. 22. 

Although this species was not found in Manipur it may be con¬ 
veniently described here as it has a distinct bearing on the origin 
of V oxytropis^ one of the most characteristic of the Manipur 
molluscs. 

The shell is small, thin, sharply acuminate, somewhat elongate 
and imperforate. It is divided into two regions by a blunt peri¬ 
pheral ridge on the body-whorl, above which it is narrowly conical, 
while below it is broad and rounded. There are 5^ whorls. Those 
of the spire are very slightly convex but obliquely and not very 
broadly flattened above. The suture between them is not strongly 
impressed except sometimes in old shells above the body-whorl, 
and they increase in size gradually and evenly. The body-whorl 
is more swollen but transverse and less than twice as deep on the 
outer as on the inner margin. The aperture is of moderate size, 
subrhomboidal, rather narrow, higher than broad, pointed above 
and often subangulate below, slightly oblique. The peristome is 
complete, the outer lip sharp, the columella strongly arched, with 
its fold narrow and b)’’ no means prominent. The region to the 
left of the mouth in the natural position of the shell slopes up¬ 
wards somewhat abruptly and is very slightly convex. In young 
adult shells the colour is a translucent olivaceous yellow, as a rule 
tinged with green on the body-whorl. The apical whorl and a 
half are dull purple and the others are marked with numerous fine 
spiral bands of the same colour. The suture is also deeply tinged 
with purple. The inside of the shell is white and the peristome is 
linearly edged with black. In old shells the distinctive colouration 
is apt to be obscured by a general blackening of the surface and 
this sometimes occurs in quite small specimens. On the body- 
whorl there is not as a rule any very definite trace of thickened 
spiral ridges, except for the peripheral keel, but sometimes the 
dark bands are a little thickened. On the whorls of the spire, 
however, at least two fine spiral ridges can as a rule be detected 
with the aid of a hand lens, while in the embryo there are several 
and even in the adult more than two can be discovered under a high 
power of the microscope. All these ridges are punctate and w’hen 
the shell is fresh bear rows of minute chaetae-like processes of the 
periostracum. The processes are, however, so delicate that they 
usually disappear as the shell dries. 

The embryonic shell differs from that of any form of V hen- 
galensis in its broader, more conical form, in the produced charac¬ 
ter of the apical whorl and a half and in the very strong peripher¬ 
al keel of the body-whorl. 

The operculum is very thin and of a pale golden brown colour. 
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The outline is ovate and the external surface broadly concave 
with the concentric ridges poorly developed. The internal surface 














Fig. .|.. —Shells of Vivipara mierochaetopliora 
A.—Young shell. B.—Shell of young adult. 
C.—Old shell. 


is convex as a whole. The muscular scar is poorly developed and 
only a little darker than the rest of the operculum. It covers a 
considerable area as a minutely granular thickening. 
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The radula has the denticulations of the teeth rather numer¬ 
ous and coarse but otherwise offers no particular feature of interest. 

The animal offers no noteworthy particular except that it is 
rather pale in colour. The edge of the mantle is thin and almost 
smooth in the adult, at any rate in preserved specimens. 

Type-series. —No. M 11856/2 Zool. Surv. Ind. {Ind. Mus.). 

Distribution. —This species is only known from Dimapur, 
which lies in the plains of Assam immediately north of the Naga 
Hills and about 100 miles north of the Manipur valley. Nevill 
examined specimens from A.ssam but of unknown provenance. 

Affinities. —I do not think that this species has any close rela¬ 
tionship to the thick-shelled Indo-chinese forms with which Nevill 
associated it under the name Paludina bengalensis var. (or subsp.) 
cingulata. The shells he examined were old and in them the very 
characteristic sculpture and colouration was obscured. The em¬ 
bryonic shell is so unlike that of V bengalensis and so like that of 
V oxytropis that I believe V microchaetophora to be related rather 
to the latter species. 

Habits. —The species was found in artificial ponds, particularly 
on floating grass-stems and the lower parts of plants that trail 
on the surface of water. In a rather deep clean pond, with a 
bottom of stiff yellov^ish clay and a rather profuse growth of 
Hydrillay reserved for the water-supply of the Manipur Road 
railway station and the surrounding houses, large numbers died 
at the beginning of March, 1920, and by their decay gave the 
water a horrible ammoniacal smell. In a shallow, swampy pond a 
few hundred yards away many individuals were observed alive and 
active. 

Vivipara oxytropis (Benson). 

(Plate IV, figs. 2-5.) 

1836. Paludina oxytropis, Benson, Journ. As. Soc. Bengal V, p. 745. 

1852. Paludina pyramidata, Kuster, Martini and Chemnitz’s Conch. 
Cab., pp. 27, 28, pi. vi, figs. I, 2. 

1864. Paludina oxytropis. Reeve, Conch. Icon,, pi. ii, fig. 9. 

1909. Vivipara oxytropis, Kobelt, Martini.and Chemnitz’s Conch. Cab., 
p. 132, pi. xxiv, figs. 9, 10. 

1915. Vivipara oxytropis, Preston, Faun. Brit'. Ind. Freshvo.-Moll., p. 
84. 

The shell is large or ver}’^ large but thin and delicate, rather 
broadly conical, acuminate, narrowly perforate, ornamented with 
prominent spiral ridges, highly polished and of a bright trans¬ 
lucent olive-green when clean and fresh. The base is flattened 
and recedes abruptly below the peripheral ridge of the body-whorl, 
especially on the ventral surface. There are 5^ whorls, but the 
terminal half whorl is minute. The other whorls of the spire 
increase in size graduall}^ The suture is very little impressed and 
all the whorls are broadly but a little obliquely flattened outside 
it. The body-whorl as seen in dorsal view is transverse, but 
widens abruptly towards the aperture. It is broadly but obliquely 
flattened above and not at all tumid. The aperture is subcircular or 



1921 .] 


Manipur Molluscs. 


549 


broadly oval, slightly narrowed at, both extremities. The columel- 
lar margin is sharp and narrowly prominent. The umbilicus, 
though narrow, is circular and is approached from below by a deep 
and clear-cut channel. The aperture extends for some distance 
below the apparent base of the shell. The peristome is continuous. 
The outer lip is thin but not sharp, broadly and regularly arched, 
with a distinct prominence at the termination of the peripheral 
ridge. There are two smooth prominent spiral ridges on the three 
last whorls of the spire, three including the peripheral ridge or 
keel on the upper part of the body-whorl, and three rather less 
prominent ridges below the peripheral keel. All these ridges are 
darkened. Between each pair finer spiral ridges can be detected 
with a low power lens, crossed at regular intervals by straight, 
oblique striae, which do not interrupt the stronger ridges. The 
apex of the spire is darkened and the second complete whorl tinged 
with chestnut. The interior of the shell is washed with bluish 
white and the periphery of the aperture narrowly blackened and 
highly polished. 

The female shell is distinctly broader than the male. The 
embryonic shell is extremely like that of V. microchaetophora but 
considerably larger. 

The operculum is thin, relatively large and broadly ovate, 
bluntly pointed above, of a pale translucent brown colour, almost 
flat externally, with the concentric ridges feeble, the margin almost 
membranous and the scar small, poorly developed and only slight¬ 
ly darkened. On the peripheral region of the ventral surface 
radiating striae are well developed. 

The radula is distinguished from that of Vivipara hengalensis 
by the much smaller denticulations of the teeth and narrower 
marginals (fig. 3B). 

The animal is like that of Vivipara hengalensis (fig. 7B), 
except for the strong development on the free edge of the mantle in 
the adult of a number of finger-shaped processes three of which are 
larger and one much larger than the rest. Bach process cor¬ 
responds to a ridge on the shell and its size is proportionate to the 
development of the ridge. These processes are concealed in life 
when*the animal is expanded. Their function, as hypertrophied 
structures, is probably that of accessory breathing organs and may 
be correlated with the fact that the branchial chamber is often 
almost completely filled with parasitic leeches {vide posted). 
There is no material difference in the gross internal anatomy of V 
hengalensis and V oxytropis. 

The latter species has frequently been recorded in error from 
Bengal. The Manipur valley is apparently the only district in 
which it is common, but I collected some young shells apparently 
identical in a swampy lake near Kawkareik in the interior of the 
Amherst district of Tenasserim in 1908. 

Two phases can be distinguished in the Manipur valley:—- 
{a) the typical phase from the Loktak Bake (pi. IV, figs. 2, 3), in 
which the shell is normally large and well developed, thin, trans- 
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lucent and conical, and (&) a pond phase (pi. IV, figs. 4, 5), in which 
it is usually smaller, thicker, less translucent and less regular in 
form, and has the mouth narrower and more pointed above. In 
the latter phase large individuals occur, but they are never of 
regular trochiform outline and the flattening of the whorls outside 
the outline is much less oblique. The surface in specimens from 
ponds is always more or less eroded. The sexual differences in 
the shell are less marked than in the lake phase. 


Measurements of Shells (in millimetres). 


Height 
Max. diam. 

Height of spire 
Height of mouth 
Max. diam. of mouth. 


Lake Phase. 





d 

d ' 

37 

40 35*5 41*5 

37 

39*5 

31-5 

35 

3 i '5 32-5 

28-5 33*5 

17 

20 

16 21*5 

17 

17*5 

20‘S 

22 

21 22*5 

18 

21 

17 

19 

16 17*5 

15 

17 


Pond Phase. 


40 31"5 31 34 ‘S 29 30 

33*5 23 26*5 24*5 22-5 21 

IS 14 13-5 i6*s 15-5 14 

22*5 i6'S 17 17-5 IS I 4 -S 

17 I2-S 14 I2-S ii'S 12 


Thus in the lake phase the shell is about times as high as 
broad in females and li times in males, whereas in the pond phase, 
in which sexual differences are concealed by individual variability, 
the height is from to i-i times the breadth. 

The pond phase comes nearer V microchaetophora than does 
the lake phase and has in all respects a less peculiar shell, nearer 
that of the Viviparae bengalenses, from which the Viviparae 
oxytropides are perhaps derived. The Japanese form that has 
been assigned by some authors to the Manipur species has, as 
Pilsbry has pointed out, no relation to it. 

V oxytropis attains its maximum development and most 
characteristic form in the more open parts of the Toktak Lake, in 
which it is abundant with Lecythoconcha lecythis. In ponds it is 
much scarcer and it is apparently absent from the smaller swamps 
of the Manipur valley. 

In the lake it is almost invariably infested by a leech of the 
genus Glossosiphonia, which often exists in the branchial cavity in 
such numbers as to occupy practically the whole lumen. Major 
Sewell, moreover, found Trematodes of the genus Leucochloridium 
encysted in the mantle of specimens brought living to Calcutta for 
examination. 

Males in this mollusc seem to be considerabh'^ less abundant 
than females, at any rate in the Loktak Lake. The young are 
more numerous and smaller than those of L. lecythis living in the 
same conditions. 


Viviparae dissimiles. 

Vivipara micron, sp. nov. 

The shell is of very small size, moderately thick, acuminate, 
narrowly rimate, with the spire and the upper part of the body- 
whorl somewhat elongate but the basal part very short and con- 
vexly flattened from below upwards. There are probably 4^ 
whorls in the complete shell, but in the only specimen I have 
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examined the apex is eroded. The whorls of the spire are convex 
and transverse, narrowly and somewhat obliquely flattened above, 
and increase in size evenly but rapidly. The suture is deeply but 
narrowly impressed. The body-whorl is almost trumpet-shaped 
as seen from the dorsal surface but with the mouth deeply 
depressed. Its periphery is subangulate and the area beneath the 
imperfectly developed keel is very broadly triangular with the 
apex of the triangle on the inner margin. The upper part of the 
body-whorl is tumid, but below the peripheral angle, which is 
better developed than on the closed surface, the base recedes 
abruptly and is only slightly convex. The aperture is rather 
small, but relatively broad, oblique in both planes, subrhomboidal 
and distinctly angulate on the inner margin, bluntly pointed above 
and narrowly rounded below. The outer lip is thin, broadly and a 
little irregularly arched. The columella is nearly straight. Its 
fold is fairly prominent and slightly reflexed over the narrow 




Kic. 5.—Type-specimen of Vivipara micron. 


umbilicus. The peristome is complete. The colour is a rather 
pale olive-green, tinged with chestnut on the upper part of all the 
whorls and more deeply so over the whole apex. There is a broad 
pale band running round the periphery of the body-whorl. The 
margin of the mouth is very narrowly blackened and the interior 
of the shell is tinged with white. The sculpture consists of rather 
coarse longitudinal curved striae crossed by much finer punctate 
or sinuate spiral striae. The latter are more conspicuous on the 
spire than on the body-whorl. 


Measurements (in millimetres) of Type-shell. 


Height 

12 

Max. diam. 

9 

Height of spire (dorsal) 

4-5 

Height of mouth 

67 

Max. diam. of mouth 

5-25 


Type-specimen. —No. M 11855/2 Zool. Surv. Ind. {Ind. Mus.). 
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Locality .—A single empty but fresh shell was collected by 
Mr. Sundar Lai Hora in Manipur. 

Acuities .—In spite of its small size this shell does not look 
like a young specimen of the genus, for the shape is too elongate, 
the peripheral keel too poorly developed and the aperture too com¬ 
plete. There can be little doubt that it belongs to the group to 
which I have assigned it, but it is unlike any of the Indian or 
Burmese forms with which I have been able to compare it by 
means of either specimens or figures. On the whole it seerns to be 
nearer V ceylonica (Dohrn) than any other, but the shape is much 
less conical and the base more flattened than in any form of that 
species. 




A. 



B. 


Fig. 6.—Opercula of Lecythoconcha and Vivipara. A. — L. lecytliis (nat. size). 

B, — V. oxytropis (nat. size). 



Lecythoconcha, Annandale. 

1920. Lecythoconcha^ Annandale, Rec. Ind. Mus. XIX, p. 114. 

The shell is of large, sometimes of relatively gigantic size, but 
thin, smooth or more or less translucent. It is globose in form, 
with broad swollen whorls, and often bears a striking superficial 
resemblance to that of Pachylahra (Ampullariidae). The colour is 
uniform or very nearly so and dark spiral bands are never present. 
The aperture is large and patent, subcircular or broadly suboval. 
The columellar fold is not strongly developed, the umbilicus is 
narrowly perforate and the outer lip is thin. 

The operculum is la:rge, thin but stiff and rather brittle. Ex¬ 
ternally it is marked with strong but sharp concentric ridges and 
bears in its central region a deep funnel-shaped pit. There is no 
muscular scar on the internal surface but the pit is represented by 
a prominent rounded boss, round which there may be a ring-shaped 
area on which the .surface is slightly roughened. 
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The animal differs from that of Vivipara in the greatly thick¬ 
ened and highly muscular free edge of the mantle, the sphincter 
muscle running along which is very strong and conspicuous. The 
radula is identical with that of Vivipara. 

Type-species.—Paludina lecythisy Benson. 

Geographical Range .—The range of the genus probably ex¬ 
tends from the Manipur Valley through Upper Burma and possibly 
Tenasserim to Yunnan and Cochin China and thence across China 
to the Philippines, Celebes, Formosa and Japan. But I am not 
quite sure as to the generic identity of some of the Far Kastern 
species. In all those from China and Japan I have examined (ex¬ 
cept specimens of the type-specjes from Yunnan) the operculum 
differs in having the ring-shaped area round the central boss on 
the internal surface much more strongly roughened and scar-like 
than in L. lecythis. 

Anatomically the new genus closely resembles Vivipara, as, 
indeed, do all the Asiatic genera of the family, but the structure 
of the mantle-edge and its sphincter is characteristic.* 

The strong mantle-sphincter has probably a definite function 
to perform, viz. that of protecting the branchial chamber from 
the entry of parasites.® As my assistant Mr, Amin-ud-Din pointed 
out to me at the Loktak Lake, almost every specimen of Vivipara 
oxytropis we examined there was infested by a leech of the genus 
Glossosiphonia, over 30 individuals of which were sometimes, found 
in the branchial chamber of a single specim*en, while the branchial 
chamber of Lecythoconcha from precisely the same habitat was 
invariably empty. The contraction of the powerful muscle must 
close this chamber much more effectively than that of the com¬ 
paratively feeble muscle in V oxytropis. 

Lecythoconcha lecythis (Benson). 

(Plate V and plate VI, figs, £, 2.) 

1856. Paludina lecythis, Benson, Joitrn. / 4 s. Soc. Bengal V, p. 745, 

1852. Paludina ampulUformis, Eydoux and Souleyet, Voy.‘Bonite, 

Zool., p. 549, pi. xxxi, figs. 25-27. 

1876. Paludina lecythis and yar. ampulUformis, Hanley and Theo¬ 

bald, Conch. Ind., pi. Ixxvi, figs. 6, 7. 

1877. Paludina chinensis varr. ampulUformis and lecythis, P. stamen- 

sis (in part), Nevill, Moll. Ind. Mus. E, pp. 25, 36. 

1885. Paludina chinensis varr. ampulUformis and lecythis, P. siam- 

ensis var. purmanica, id., Hand List Moll, Ind. Mus. II, pp. 

20, 26. 

The shell is of large or very large size, thin, of a uniform 
olive-green when fresh but often fading to brown, globose, narrow¬ 
ly perforate. There are 4J or 5 whorls. The apex is acuminate 


i Annandale, Pec. Ind. Mus. XIX, p. 114, fig. 3 (1920). 

* Major R. B. S. Sewell found the mantle (rf both L. lecythis and V. oxytro¬ 
pis from the Loktak Lake and ponds at Imphal infested with an encysted Trema- 
tode {feucochloridium), but the orifice of the cyst was always on the external 
surface of the mollusc. I have found a minute parasitic mite among the gill- 
filaments of L. lecythis. 
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and the spite as a whole conical, but with the whorls tumid and 
flattened above and the suture deeply impressed. The spire, 
measured on the dorsal surface, is about as high as the central part 
of the body-whorl on the same surface. In this view the body-whorl 
is oblique and spiral and is considerably more than twice as deep 
at its outer as at its inner margin. The whorl is somewhat com¬ 
pressed from above downwards but strongly convex. In ventral 
view the spire is somewhat shorter than in dorsal view and the body- 
w'horl, without the mouth, forms almost an equilateral triangle the 
apex of which is directed downwards. The upper part of the 
whorl is greatly swollen but it recedes inwards towards the umbili¬ 
cus somewhat abruptly. The aperture is large and patent, more 
or less oblique and broadly oval. The outer lip is sharp and more 
or less narrowly tinged with black. The columella is arched and 



Fig. 7. —Living animals of Lecythoconcha lecythis<^ 
Vivipara oxytropis^ (B). Nat. size. 


its folds form a prominent ridge which is very little reflected over 
the umbilicus. This ridge is highly polished and of a bluish white 
colour, with which the whole interior of the shell is more or less 
deeply tinged. The sculpture consists of numerous fine, almost 
straight longitudinal ridges and frequently of close-set irregular 
indentations which give the whole shell a malleated appearance. 
These are more commonly present on the penultimate than on the 
body-whorl. In immature specimens a blunt ridge runs round 
the periphery of the latter whorl and even in large shells this is 
sometimes represented by a fine line, which may bear very fine 
cilia-like processes of the periostracum. 

The female shell is a little more globose than the male and 
has the outline of the spire less broken (c/. figs, i, 2, pi. V). 

The operculum is thin and transparent, but hard and rather 
brittle, of a deep uniform golden brown colour and distinctly 
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pyriform. The central boss on the internal surface is situated 
nearer the inner than the outer margin. It is highly polished but 
its base is marked with fine radiating, iridescent ridges. The area 
surrounding it is smooth, but fine radiating lines proceed down on 
it from the boss. 

The radular teeth are figured in fig. 3, on p. 544. They exhibit 
no essential difference from those of Vivipara. 

The animal has the generic characters. It is rather less bright¬ 
ly coloured than most species of Viviparidae, the body being sooty 
black and the minute spots with which it is covered being dull 
yellow and very small. The tentacles are very long and thin and 
the foot is remarkably stout. Fig. 7 shows the outstanding 
differences between the living animal and that of V oxytropis^ 
which in most respects is a typical Vivipara so far as the soft 
parts are concerned. 

Type-specimens.—1^0. 2300 Zool. Surv. Ind. {Ind. Mus.). 

Geographical Range. —The type-specimens from the' Asiatic 
Society’s collection are labelled as being from Sylhet, but they 
agree so closely with shells from the more open part of the 
lyoktak Take * that I think this locality is probably incorrect. 
The species is not represented, so far as I am aware, in any 
recent collection from Sylhet and it must be remembered that 
at the time when Benson’s collection was made Sylhet was on 
the way to Manipur. The true range probably extends from 
the Manipur Valley through Upper Burma to the Southern Shan 
States, Yunnan and Cochin China. Nevill records young speci¬ 
mens from the Philippines, but in view of their immaturity 
the record is open to doubt. 

In Manipur no less than four phases can be distinguished, 
one of which, at one end of the series, is the forma typica, 
while another, at the other end has received the varietal name 
ampullijormis. I shall describe the phases under English names. 

The Open-water Phase {=forma typica) : plate V, figs, i, 2. 
The shell is very large, globose, thin and translucent and is of 
a bright olive-green colour externally and only slightly washed 
with bluish white internally. The aperture is subcircular, the outer 
lip strongly arched and very thin. The sculpture is very fine and 
delicate and if varices occur on the body-whorl, as is often the case, 
they are poorly developed and as a rule not blackened. This phase 
is found in the more open parts of the Toktak Lake. 

The Marginal Phase : plate V, fig. 3. The shell is thicker, 
heavier, more opaque and coarser than in the last phase and, 
though individuals grow at least as large, is usually smaller. 
The spire is relatively longer and not quite so broad at the base, 
the whorls are not quite so convex and the aperture rather 


1 Specimens of this phase are not difficult to obtain as they are brought up 
in hundreds by the fishermen in their nets. 1 have to thank Mr. C. Forster 
Cooper, Superintendent of the Cambridge University Museum, for examining 
the specimens in the Benson collection. He informs me that they also arc 
labelled “ Sylhet.” 
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smaller. The lip is not so thin and has a deeper black border. 
The sculpture is much coarser and blackish varices can usually 
be detected on the body-whorl. This phase is abundant in the 
swamp at the north end of the lyoktak Lake. 

The Pond Phase: plate'VI, figs, x, 2. The shell is, smaller 
than in either of the last two phases but more variable both 
in size and shape. It is decidedly narrower than either and has 
the spire relatively longer, the whorls less tumid and less broadly 
flattened above. The mouth is variable in outline but as a rule 
is distinctly emarginate above the umbilicus. The sculpture is 
coarse and irregular and the shell more liable to erosion on the 
surface. This phase is found in ponds and in the smaller gwamps 
of the Manipur Valley. Many of the specimens collected by the 
late Dr. John Anderson in Upper Burma and Yunnan also belong 
to it. 

The Rice-fieed Phase. (=var. ampulliformis, Eydoux and 
Souleyet): plate V, fig. 4. This is a small phase in which the 
upper part of'the whorls of the shell is much less distinctly 
fl.attened, the spire is relatively long and the whole shell compara¬ 
tively narrow. Some specimens of the pond phase approached 
it very closely. It is common in small pools in the rice-fields of 
the Manipur Valley and preponderates among the specimens 
collected by the late Dr. John Anderson in Upper Burma and 
Yunnan. It has also been recorded from Cochin China and 
appears to be, as might be expected, the most widely distributed 
phase of the species. 

Habitat and Habits. —The concluding sentences of the preced¬ 
ing paragraphs indicate in a general way the habitats of the 
difierent phases, which are also indicated in the names given to 
them. There is one further point of interest to be noted, namely 
that the rice-field phase is peculiarly resistant to desiccation. 
A specimen was found in dry mud in February and brought to 
Calcutta dry. In cleaning the shell more than a month later the 
operculum was removed and the animal found to be in a perfectly 
fresh condition though quite immobile and apparently insensible.^ 
It was accidently left for the night in a dish of water and gave 
birth to a number of living young. It survived itself for several 
days, in spite of the removal of its operculum, but, probably on 
account of its injuries, did not regain sensibility. 

No other noteworthy difference was observed between the 
habits of this species and those of Vivipara bengalensis and its 
allies. 

The shells from Upper Burma and Tenasserim called Paludina 
siamensis var. hurmanica by Nevill are merely young specimens of 
this species, as is evident from a direct comparison and from an 


1 hs condition of this mollusc was apparently the same as that of a 
specimen of Pseudovivipara hypocrites exammed after being dry two years and 
after a journey from China to Calcutta and from Calcutta to England and back. 
See Mem. As. Soc. Bengal VI, p. 312. 



Manipur Molluscs. 


19521.] 


557 


examination of their opercula. Probably the true Paludina sid- 
mensis of Frauenfeld is also the young of some allied species. 


Family AMPULLARIIDAE. 

Genus Pachylabra, Swainson. 

The use of the name Pachylahra for the Oriental and African 
species of Ampullariidae has been discussed by Kobelt in the curr¬ 
ent edition of Martini and Chemnitz’s Conch. Cab., pp. 44-46 
(1911). The genus is distinguished.from the American .Ampullaria 
by the structure of the operculum and the inhalent siphon. The 
former in Pachylahra is massive and calcareous with.a coarse exter¬ 
nal horny covering. The siphon when contracted is a prominent 
fold forming an incomplete tube not very much longer than its 
transverse diameter. When expanded it is a funnel-shaped struc¬ 
ture, considerably broader than long. 

This genus is represented in the Manipur Valley by a single 
species (P. maura, Reeve), which is common throughout the plains 
of Assam. In the Manipur Valley, however, it was found only in a 
few ponds in the immediate vicinity of the capital. The question 
naturally arises, may it not have originally been introduced by 
man, either as food or accidentally ? The Manipuris even now eat 
some kinds of molluscs and the Naga tribes of the surrounding 
hills are fond of all the larger freshwater species. P. maura, how¬ 
ever, is well within the geographical limits of its range in Manipur, 
for it is found in the valley of the Brahmaputra on the one hand 
and on the Shan Plateau on the other. 

Pachylabra maura (Reeve). 

1856. Ampullaria maura, Reeve, Conch. Icon., pi. xiii, fig. 57. 

1887. Ampullaria maura, Nevill, Cat. Moll. Ind. Mus E, p. 5. 

1885. Ampullaria maura, id., Hand List Moll. Ind. Mus. II, p. 4. 

1918. Ampullaria 'uoinkleyi, Annandale {nec Pilsbry), Rec. Ind. Mus. 

XIV, pi 138, pi. xii, fig. 10. 

My identification of specimens from the North Shan States as A. 
winkleyi was certainly incorrect and I can find,no constant differ¬ 
ence between them and shells from Assam except that they are paler 
and brighter in colour. Of the true A. winkleyi I have recently 
examined a shell from Patalung in Peninsular Siani.^ Its minute 
spiral sculpture is much better developed and its shape different. 

All the specimens examined from Manipur are small and have 
the shell very dark. They agree, however, precisely with some 
individuals from Dimapur and from Gauhati on the Brahmaputra. 

The species is probably no more than an eastern race of P. 
globosa (Swainson), the common Ganges species. Nevill, however 
{op. cit., 1887, p. 5), keeps it distinct on account of its ” wider um¬ 
bilicus, more contracted aperture with dark-coloured margins, more 
produced spire and thinner shell.” I doubt whether these dif¬ 
ferences will be found to be constant, but until the Indian species 


^ Annandale, Journ. Nat. Hist, Soc> Siam IV p. 45 (1920). 
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of the genus have been revised, it seems best to regard it provi¬ 
sionally as a species. I figure the radular teeth. 

In Manipur P. maura was found (in February and March) 
buried in the mud at the edge of certain ponds in or near Imphal, 
the capital. Dead shells were also found round these ponds, but 
not elsewhere in the v^alley. In the garden of the Residency the 
species was fairly abundant in one of two ponds, but not in the 
other. Both were shallow and had a dense submerged vegetation 



of Potamogeton and Hydrilla^ with a not very dense floating vege¬ 
tation of AzoUa, etc. The onl3^ difference seemed to be that in 
the pond in which Pachylahra occurred lotuses had been planted, 
and that there were none of these plants in the other. The other 
ponds in which the mollusc was found had a still richer submerged 
and floating vegetation with a profuse growth of plants that sent 
out long runners on the top ot the water. Most species of the 
genus are dependent for their food on succulent leaves and stems 
and prefer such vegetation to the ordinary submerged water-weeds. 

Family MELANIIDAE. 

Subfamily MELANINAE. 

Genus Melanoides, Olivier {nec H. and A. Adams). 

1807. Melanoides, Olivier, Voyage VEmp. Ottoman II, p. 40. 

1854. Plotia, Tarebia, H, and A. Adams, Gen. Recent Moll., pp. 

295. 304- 

1874. Plotia, Tarebia, Striatella, Brot, Conch. Cab., p. 7. 

1897. Stenomelania, Tarebia, Melanoides, Plotia, von Martens, in 

Weber’s Zool. Ergebn. Niederl. Ost. Ind. IV pp. 40, 5O1 62, 69. 

1898. Neorhelanien (in part), P. and F. Sarasin, Sussw. Moll. Celebes, 

P- 38. 

1915. Radina, Striatella, Melanella (in part), Tarebia, Plotia, Preston, 

Faun. Brit. Ind., Freshw.-Moll , pp. 10, 15, 32, 33, 35. 

1919. Melanoides, Annandaleand Prashad, Rec.lnd. Mus. XVIII, p. 28. 

1920. Melanoides, Annandale, ibid., XIX, p. io8. 

In the paper by Dr. Baini Prashad and myself cited imme¬ 
diately above we have given reasons for uniting Melanoides, s.s. and 
Plotia. Our views on this point are further strengthened by an 
examination of a large collection from various parts of the Madras 
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Presidency. In it I find all intermediate stages between the typi¬ 
cal M. scabra (Muller) and M. acanthica (Lea) in the one direction 
and between M. scabra and the form we called M pyramis var. 
puteicola on the other. The only constant difference that can now 
be claimed between M. scabra and M pyramis as species is that in 
the former the lip of the shell is always strongly sinuate, its upper 
extremity as seen in ventral view being situated at a somewhat 
lower level than that of the columellar margin, though the central 
part of its margin lies level. This, as is shown in our original 
figures of the var. puteicola, is a marked feature of that form. The 
variety must, therefore, be retransferred to M Pyramis, with which 
Nevill originally associated it, and known a.sM. scabra var. puteicola. 
I can find no justification for separating Tarebia generically from 
forms like the typical M. scabra. 

Melanoides tuberculatus (Muller). 

1919. Melanoides tuberculatus, Annandale and Prashad, op. cif., pp. 29, 

31, fig. 3A, pi. iv, fig. I. 

Specimens from Manipur have no striking peculiarities. The 
species is common in ponds in the valley but was not found in the 
Loktak Lake. 

The processes on the edge of the mantle arise on the ventral 
surface a short distance behind the actual margin. The largest is 
situated on the left side and they grow smaller as the series pro¬ 
ceeds towards the right. 

Genus Acrostoma, Brot. 

1854. Melanoides, H. and A. Adams {nec Olivierj, 

1874. Melanoides, Acrostoma, Brot. Conch. Cab., p. 7. 

1897. Brotia, von Martens, in Weber's Zool. Erqebn. Niederl. Ost.Ind. 

IV,p. 33 - 

1915. Melanoides, Acrostoma, Preston, Faun. Brit. Ind., Freshw.-Moll. 

pp. 21, 30. 

1920. Acrostoma, .\nnandale, Rec. Ind. Mus. XIX, p. 109. 

I cannot find any constant difference between the shells, oper- 
cula, soft parts or radulae of Brotia, von Martens {—Melanoides, 
auct.) and Acrostoma, Brot. Indeed such forms as the one des¬ 
cribed here as Acrostoma variabilis var. laevis, though clearly falling 
within the limits of Brotia, are very closel}^ related to .4. kugeli, 
the type-species of Acrostoma. 

In this genus some of the heaviest shells among the freshwater 
Gastropods occur. 

The edge of the mantle of A variabilis, in living individuals 
as in preserved specimens, is quite smooth. It is marked out, 
however, on the inner surface into well-defined areas by vertical 
lines of bright yellow pigment on a dark background. In pre¬ 
served specimens of A. the type-species of the genus, a similar 

condition is found. There is no difference in this respect between 
individuals of A. variabilis with smooth and those with highly 
sculptured shells. 
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Acrostoma variabilis (Benson). 

(Plate VI, figs. 3 — 6 .) 

1836. Melania variabilis, Benson, Jouyn i 4 s. Soc. Bengal \ p. 746. 
1872. Melanoides spinata, Godwin-Austen, Proc. Zool. Soc. Londoit, 
p 514, pi. XXX, figs. 1, la. 

1876. Melania variabilis, episcopalis, spinata, Kanley and Theobald. 

Conch. Ind., pi. Ixxii, fig. 7, pi. IxxV, figs. 5-7, pi. cix, figs, i, 3; 

6 . 

1885. Meldnih variabilis, spinata, Nevill, Hand List Moll. Ind. Mns. 
pp. 251-261. 

This justly named species is represented in the Manipur Val¬ 
ley by three varieties which link together several forms that have 
sometimes been regarded ^s distinct species. The varieties, how¬ 
ever, are by no means constant, though even quite young shells 
can usually be distinguished for many intermediate individuals 
occur. The three Manipuri form.s may be called laevis, var. nov., 



Fig. 9.— Radular teeth of Melaniidae. 

A. Acrostoma variabile. B. Palttdomns pnstulosa. 


semilaevigata, Nevill and suhspinata^ var. nov. I will describe each 
separately. Here I figuie a living specimen of the var. suhspinata, 
nov. from Dimapur, to show the form of the animal. 

Var. lacvis, nov. : pi. vi, figs, 3 , 4 .. Under the nanie semilae‘‘ 
vigata Nevill- included two forms which seem to me to be distinct 
varieties. In one of them, for which I propose the name laevis, 
the shell is often almost as smooth as that of Asrostomd hugeli, 
the longitudinal ribs being completely obsolete, while in other 
shells I assign to the same variety they are only obsolescent and 
may even be produced into a small tubercle at the upper extre¬ 
mity. This may occur either on both the two last whorls Or on 
the penultimate whorl only. The longitudinal sculpture in the 
smoothest shells consists merely of coarse striae, while the. spiral 
sculpture is represented by ill-defined smooth ridges. The most 
highly sculptured shells of this variety approach the var. pseudo- 
spinosa, Nevill. 

Var. semilacvigata, Nevill: pi. vi, fig. 5 . In Nevill’s type- 
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series of this variety I find shells of the form here called laevis 
mixed with others to which the definition he adopted from Berispn 
applies more exactly, the essential difference being that in the 
obsolescent ribs of semilaevigata both extremities are produced into 
tubercles. Highly sculptured shells of this variety often approach 
Nevill’s var. hinodulifera. 

Var. subspinata, nov.: pi. vi, fig. 6. This form is interesting 
as being precisely interrhediate between the var. hinodulifera, 
which occurs in abundance in the river at Dimapur just north 
of the Naga Hills, and Godwin-Austen’s Melanoides spinata from 
northern Assam. The two rows of spines are nearer together 
than in. hinodulifera and the spines are more produced, but they 
are not foliaceous as in spinata. 




Fig. 10. —Living animal of Acrostoma variabilis var. subspinata, 
r|ov., from Dimapur, Assam. 


These three varieties are, as I have said, by no means con¬ 
stant. The two last occur'together and in most individuals can 
be readily distinguished even before the shell has attained a third 
of its full dimension^, the longitudinal ribs being well developed 
in this stage as strong keels on all but the first four or five whorls 
in suhspinata, while the whole shell is smooth in laevis. Inter¬ 
mediate individuals occur, however, not Uncommonly. They are 
much commoner among adult than among young shells. The 
vars. laevis and semilaevigata also occur together, but I have not 
found both semilaevigata and suhspinata in any series examined. 
This would suggest that the smooth type of shell, has been derived 
independently along two lines, by the suppression of the lower 
part of the ribs in one line and by that of the middle region in 
another. 
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The young shell removed from the oviduct at full time is 
identical in all the Manipuri varieties. It consists of 4^^ whorls 
and is conical in outline with the base produced towards the 
outer margin and pointed. The apex is minutely blunted and 
retracted, the apical half-whorl lying in a deeply canaliculate 
suture. Round the other whoils the suture is not impressed. 
The aperture is regularly rhomboidal, narrow, oblique and some¬ 
what elongate. The colour is pale olivaceous green becoming 
darker and browner towards the apex, which is infuscated. A 
dark brown spiral band embraces Both sides of the suture and 
is continued round the periphery of the body-whorl, on which 
a second band of the same colour appears towards the base. 

The sculpture consists of ihicroscopic spiral and longitudinal 
striae. The latter are strongly curved. There is an obscure, 
flattened spiral ridge running just below the suture and round 
the periphery of the body-whorl. 

The Manipuri varieties have much thicker and heavier and, 
generally speaking, larger shells than the forma typica, which is 
common in ponds in the Gangetic delta. This seems to be so in 
all fluviatile phases of the species. In Manipur the varieties 
occur in the beds of the Imphal River and its tributaries, in 
muddy water and on a muddy bottom. Apparently they are not 
found in the swifter, clearer hill-streams. 

The range of A, variahilis as a species extends eastwards 
from the Gangetic Delta, through Assam and Burma and it is 
represented in the Malay Peninsula, Sumatra and Java by very 
closely allied forms. Its “varieties** may be mere phases the 
peculiarities of which are due to sorpe peculiarity (or rather 
combination of peculiarities) in the environment, but on this 
subject little is yet known. The animal is usually if not always 
found oil a muddy bottom and obtains its food by scraping the 
surface with its radula. 

Subfamily PALUDOMINAE. 

Genus Paludomust Swainson. 

The number of the species and subspecies of this genus 
found in Burma and Assam is probably considerable, and some 
species from these countries, notably P. conica (Gray), are parti¬ 
cularly liable to form local races. Indeed, specimens of P. conica 
seem to differ slightly in every stream in which they occur. 
The whole genus stands, however, in need of revision as far at 
any rate as the Indian forms are concerned, and it is important 
that young as well as adult shells should be examined, for in 
maturity the spire is often so distorted by erosion that the true 
form of the shell completely disappears, I have been unable to 
match a Paludotnus fairly common in the southern part of the 
Manipur Valley with any previously described and am there¬ 
fore obliged to call it new. Fortunately shells in all stages of 
development are available. 



1921.J 


Manipur Molluscs. 


563 


Paludomus ptistulosa, sj). nov. 

The shell when fully adult is thick and porcellaneous and 
of a uniform blackish colour externally. Only the body-whorl 
and part of the penultimate whorl usually remain. The former 
is tumid, very oblique and more than twice as deep at its inner 
than at its outer margin as seen from the dorsal surface. The 
inner margin is very broadly rounded. On the ventral surface 
the whorl has an elongate, irregularly oval outline. On the outer 
side it is highly convex above but recedes rather abruptly to- 



A. 



B. 


Fig. II.—Shells of Paludomus ptisiulosa. 

A. Adult shell. B. Half-grown shell. 

wards the lower margin. On the inner side the region above the 
aperture is short and convex. The ventral surface is swollen 
above, somewhat flattened below. The mouth projects obliquely 
at its upper end. It is slightly pyriform, rather narrow and 
oblique. The upper extremity is sharply pointed, the lower 
evenly and not very broadly rounded. The lip is thin, slightly 
everted and obscurely pleated internally. It forms a welbdefined 
margin to the aperture and is highly polished and of a bluish 
white colour with a narrow black border. The columellar margin 
is similar in appearance and forms a continuous ridge with the 
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lip. This ridge is, however, broadly excavated above the colu¬ 
mella. There is hardly any trace of the umbilicus. The sculp¬ 
ture consists of fine and regular longitudinal striae with coarser 
longitudinal lines set at irregular intervals and of minute, almost 
microscopic pustule-like granules scattered irregularly and some¬ 
times confined to the ventral surface. Round the upper part of 
the whorl, and sometimes also at its base, there are traces of 
several obsolescent transverse grooves. The interior of the shell 
is olivaceous, sometimes with traces of two or three broad chest¬ 
nut bands. 

Half-grown shells are very different in appearance. They 
have at least 3^ whorls and sometimes traces of a fourth. The out¬ 
line is rather narrowly ovate wdth the spire tapering and rather 
narrow but blunt at the tip. The colour is dark olivaceous 
green or brown with the internal bands more distinct and the 
shell is much thinner. The whorls of the spire increase evenly 
but rapidly in size and are flattened above, with two or more 
rather deep grooves running round the upper surface. Without 
intermediate individuals I would hardly have thought these two 
types of shell specifically identical, but the series collected by 
Mr. Sunder I^al Hora leaves no doubt on the point. 

In very young shells, not more than 5 mm. long, thete are 
5 whorls and the apex is acuminate/ 

The operculum is of the type normal in Paludomus, s.s., being 
of ovate form with a small spiral figure situated in the anterior 
inner region. 

The radula does not differ matetially from that of Melanoides., 
except that the outer lateral and the marginal are more spatu- 
late (fig. gB). 

Type-series. —No. M 11855/2 Zool. Surv. Ind. {Ifid. Mus.). 

Localities, etc. —Specimens were obtained by Mr. Sunder Lai 
Hora from-one stream in the south part of the Manipur Valley. 
Specimens were also purchased, with those of Vivipara crassi- 
spiralis in the Imphal bazaar, but were said to have come from 
the same district. Mr. Hora obtained his specimens on a pebbly 
bottom in clear, rapid-running water. 

Affinities.'— species is closely allied to P. conica (Gray) 
and especially to the race kopiliensis, Nevill, from northern Assam. 
The sculpture is, however, more delicate and the body-whorl as 
seen in ventral view considerably more elongate. Of the shells 
figured in the Conchologia Indica the nearest is paludinoides, 
Reeve (pi. cxxiii, fig. 9), but the aperture in my new species is 
more obliqile, longer and narrower, the inner outline more 
irregular and the colour much duller and darker. The young shell 
is not unlike the figure of clavata (fig. 4) from Ceylon on the 
same plate, but its aperture is much larger and more patent. 
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AQUATIC PULMONATA. 

By N. Annandale and B. Prashad. 

The three families and most of the genera of this order that 
occur in the Oriental Region are well represented in the collection, 
namely the Limnaeidae, the Planorbidae and the Ancylidae, the 
first by four species of Limnaea ; the second by the unique species 
of Indopianorhis and by species of Gyraulus, Segmentina^ Hippeutis 
(?) and the highly peculiar genus Camptoceras ; the third by three 
species of the subgenus Ferrissia oi Ancylus. 

This collection has enabled us to discuss plasticity and varia¬ 
bility in the Limnaeidae, to give particulars about the anatomy 
of the different genera of Planorbidae and to revise the Indian 
species of Ancylidae. Perhaps the most interesting points that 
have become manifest in our investigation are (i) the differences 
in environmental plasticity and individual variability shown by 
different species of Limnaea ; (2) the homogeniety of the anatomy 
of the Indian species of the genus, contrasting with (3) the great 
diversity of structure in the soft parts of the Planorbidae ; (4) the 
generic status of the common Indian “ Planorbis’ exustus and of 
the scarce Camptoceras lineatum ; and (5) the precise systematic 
position of the Indian Ancylidae. 

Family LIMNABIDAE. 

Genus Limnaea, Lamarck. 

Of the four species of the genus found in Manipur two are 
widely distributed in India (T. acuminatd and L. ovalis), the 
range of one (L. andersoniana) extends from south-western China 
to Kashgar and Nepal, while the third, here described as new 
under the name L. ovalior, has been found outside the Manipur 
Valley only at Dima pur in the plains of Assam on the north side 
of the Naga Hills. 

Small as is the number of species, they include so large a 
proportion of the true Indian Limnaeae that it will be worth while 
to discuss here as briefly as possible the species that occur in 
India proper, Assam and Burma, omitting those found only in the 
Himalayas or in the districts west of the Indus. A key to the 
species to be considered will form a suitable basis for discussion. 

Key to the species of Limnaea found in the Indo-Gangetic Plain^ 
Peninsular India, Assam and Burma. 

I. Spire of shell narrow and tightly coiled, with the sut¬ 
ure very oblique and the upper extremity of the 
body-whorl not or hardly broader than the penulti¬ 
mate whorl. 

A. Apex sharply pointed; shell usually large or of 

moderate size, with at least 5 whorls; columel- 

lar fold coarse and strongly twisted ... ... L. acuminata. 

B. Apex minutely rounded: shell small or minute; 

columellar fold much less strongly developed, 
i. Shell less than 8 mm. high, very fragile, with only 
two whorls in the spire, which is very short; 
columellar fold narrow and not at all twisted... L, mimetica. 
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ii. Shell as a rule more than 8 mm. high, not so 
fragile with the spire normal and consisting 
of at least three whorls; columellar fold 
twisted ... ... ... ... L. shanenesis. 

II. Whorls of spire transverse and increasing rapidly in 
size; suture not markedly oblique; at least four 
whorls ill spire; columellar callus very coarse and 
broad ; columellar fold coarse. 

A. Apical whorls of spire much narrower than fothers, 

forming a distinct apical process; penultimate 
whorl of shell much narrower than upper part of 
bodj-whorl, broader than height of spire ... L. ovalis. 

B. Whorls of spire increasing in size evenly ; penulti¬ 

mate whorl at least nearly as broad as upper ex¬ 
tremity of body-whorl. 

i. Shell almost symmetrical bilaterally and its outline 
forming a remarkably even broad ovate figure, 
with the base of the spire more than twice 
as broad as its height; umbilicus imperforate L. ovalior. 
ii. Shell of elongate ovate form, with the spire rela¬ 
tively long and narrow and the body-whorl 
sub-cylindrical ; umbilicus imperforate ... L. Inteola. 
iii. Shell varying greatly in outline but always opaque, 
with the suture much more impressed and 
more oblique than in the last two species ; the 
umbilicus, though always completely occlud¬ 
ed by the columellar callus, usually forming a 
narrow aperture visible on the dorsal surface L. andersoniana. 

There is no genus amongst the Indian molluscs more liable 
both to individual variability and to plasticity in response to en¬ 
vironment than Limnaea. The two phenomena are not always 
correlated in the same species and both differ greatly in degree in 
different species. Probably neither is ever completely suppressed. 
These facts make it difficult to assign specific limits to the numer¬ 
ous forms, and at the same time render it probable that the 
number of true species is small. 

Various attempts have been made to solve the taxonomic 
difficulties involved in the study of the Indian Limnaeidae. The 
most successful in practice was that of the late Mr. G. Nevill/ but 
unfortunately he gave no arguments for adopting the course he 
followed. Von Martens^ has discussed certain species in detail and 
has given admirable figures, but he had not seen by any means 
all the Indian forms. We have now been able to study Limnaea 
in relation to its environment in many parts of Peninsular India 
and the Indo-Gangetic Plain, on the North West Frontiers and at 
several places in Assam and Burma, and we believe that we have 
seen specimens of almost all the Indian forms to which specific 
names have been given and, with the exception of the Eurasian 
species of the Western Himalayas, have examined the natural 
surroundings of the great majority. This has given us confidence 
to discuss the species on broad lines, both from a geographical 
and a purely taxonomic point of view. 


< Hand List Moll. Ind. Mus. I, pp. 232-234 (1878). 
2 Conch. Mitth. I, pp. 75-80, pis. xiv, xv (i88i). 
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Fr6m a geographical point of view the Indian species fall na¬ 
turally into four groups, which may be defined as follows :— 

1. The Eurasian Group.—A small group of species found 
in the higher valleys of the Indus system in the Western Himala¬ 
yas and consisting of species identical or almost identical with 
those of Europe. 

2. The Afghan Group.— Another small group, consisting of 
species that bear considerable resemblance to the L. lagotis and 
L. percgra groups of the Palaearctic Region. The range of this 
group extends from Afghanistan through the mountains west of 
the Indus in Indian territory and thence across the Perso-Afghan 
desert to Eastern Persia. 

3. The Indian Peninsular Group. —A group of three spe¬ 
cies with numerous phases, varieties and mutations. It occupies the 
whole of Peninsular India and the Indo-Gangetic Plain, and ranges 
eastwards to Burma and northwards into the Lower Himalayas 
east of the Indus. 

4. The Burmese Group.— We know comparatively little 
about this group, which is probablv of Chinese origin in the main. 
Its range probably extends from Upper Burma into Eastern As¬ 
sam, but it occupies much territory in common with the Indian 
Peninsular group. 

We are at present concerned with species in groups 3 and 4. 
The Afghan forms have recently been discussed by us in another 
volume ’ of the Records and the Eurasian forms have still fo be 
compared in detail with their European representatives. Neither 
of these groups is found in any part of Assam. 

We have stated our opinion that the Indian group consists of 
only three species, thus agreeing with Nevill {loc. cit.), but a large 
number of races, phases, varieties and aberrations have received 
specific names. The three species are L. acuminata, Lamarck, L. 
ovalis, Gray and L. luteola, Lamarck. The last has been called L. 
succinea, Deshayes, by some authors. We have to discuss here 
only L. acuminata and L. ovalis. 

The Burmese group also comprises, so far as we are aw'are, 
only three species, viz. L. andersoniana, Nevill, L. shanensis, An- 
nandale and L. mimetica, Annandale. The last is probably derived 
from the Indian L. acuminata, but the other two are probably 
of Chinese origin. We have here to discuss L, andersoniana and 
describe a highly peculiar new species from Assam, probably related 
to L. ovalis. The name we propose for it is L. ovalior. 

Before discussing individual species in detail it will be as well 
to say something of the principles on which we have based their 
classification. We had hoped to find some diagnostic features in 
their anatomy and have examined the radulae and other internal 
organs of most of the Indian forms with this object in view; but 
we have been disappointed and are forced to the conclusion that 
shell-characters, provided that a sufficiently large number of indi- 


* Rec. Ind. Mus. XVIII, pp. 39-52, pis. v-vii (1919). 
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viduals be examined, and due attention paid to the protoconch, 
form the most satisfactory basis for specific identification among 
the Indian species, among which conspicuous anatomical differ¬ 
ences such as Baker ^ discovered in the North American Limnaeidae 
do not exist. Anatomical differences of course there are, but they 
are so minute, so difficult to find and above all so inconstant that 
they are of little use in taxonomy. 

The radular teeth in all the Indian, Persian and Mesopotamian 
species we have examined conform to a type somewhat different 
from that described for any European species, differing in detail 
in the different forms, but vary greatly not only in accord with 
race and locality but also with individual idiosyncracy, while small 
specific differences in the genitalia are liable to be obscured by the 
state of sexual activity, especially by protancfry. 

In the anatomy of the radula arid genitalia the Indian 
Limnaeidae (omitting the Palaearctic Himalayan species) differ 
little from those referred by Baker to the Holarctic genus or 
subgenus Galha, Schrank, but the shell does not quite conform to 
this type. It is, indeed, of more than one type and Limnaea acu¬ 
minata stands out very distinct in shell-characters from its con¬ 
geners, and is more like Galha than the other species in our fauna. 

Limnaea acuminata^ Lamarck.. 

(Plate VII, figs. I —3.) 

1878. Limnaeus acuminatus, Nevill, Hand List Moll. Ind. Mus., p. 
233 - 

1881. Limnaea acuminata, von Martens, Conch. Mitth. I, p. 75, pi. 
xiv. 

1915. Limnaea acuminata (in part), Preston, Faun. Brit. Ind. Freshw.- 
MolL, p. 106. 

1919. Limnaea acuminata (with var. nana), L. amygdalum and {? ) L. 

chlamys, Annandale and Prashad, Fee. Ind. A/’ws. XVI, pp. 
140-142, figs. 3, 4, pi. iv, fig. I, pi. V, figs. 1-3. 

Preston, in Fauna of British India has distributed the forms 
of Limnaea indiscriminately into subgenera and species and several 
of those he attributes to L. acuminata have, as von Martens had 
shown previously, no resemblance to it. We include in it here all 
the forms epraprised in .the species hy Nevill and by von Martens, 
with the possible exception of L. chlamys, Benson. Of all the In¬ 
dian freshwater Gastropods L. acuminata is the most liable to 
individual variability and it also exhibits considerable plasticity 
in response to environment. It is not surprising, therefore, that 
numerous names have been given to different “ forms.” Several 
of these {patula, Troschel, rufescens, Gray, strigata^ Hanley and 
Theobald, gracilioy, v. Martens) refer merely to shapes of shell 
that may be assumed almost anywhere in the normal environ¬ 
ment of the species, i.e. in a pool of perennial water pro¬ 
vided with abundant aquatic vegetation of a .succulent nature 


^ Spec. Pub, Chicago. Acad. Sci. Ill (1911). 


1921 .] 


Manipur Molluscs. 


569 


and situated in a tropical climate. In many spots,, however, one 
or other of these forms may predominate-and in some one or other 
may be absent. For example the form gracilior is far the com¬ 
monest, though by no means the only one in the pond in the 



Fig. 12. —Series of shells of Limnaea acuminata irom Manbhum, Bengal. 

Fig. a may be taken to represent var. patula, Troschel and figs, ^and h the 
var. gracilior, von Martens. 


Museum compound, Calcutta, while no shell narrower than that of 
the form rufescens was found at any place in Manipur. 

Other names again belong to phases associated with abnor¬ 
mal types of environment The phase nana, Annandale and 
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Prashad, for instance, was described from a small ditch, liable to 
desiccation, in the Western Ghats and has since been found in a 
shallow pond at Rangoon. The phase Mans, Sowerby, originally 
described from ‘‘ Malabar,” occurs, without much individual varia¬ 
tion, in a swampy artificial lake situated at an altitude of 7,000 ft. 
in the Nilgiri Hills. A somewhat similar but more delicate phase, 
ventricularis, Kiistei, has been found in the Lake Nainital (altitude 
6,400 ft.) in the We.stern Himalayas, and these two forms may prob¬ 
ably be regarded as dwarfed mountain phases. 

Differences in shell colour are probably correlated in most cases 
with differences in the water in which the specimens are found. 

We are in some doubt about Benson’s L. chlamys, which dif¬ 
fers -from all other forms of L. acuminata with which we are 
acquainted in the brilliant golden colour of its shell, the relative 
width of the body-whorl and its strong spiral sculpture. On the 
only occasion on which either of us has found L. chlamys it was 
discovered living in abundance on rocks covered with algae in an 
artificial reservoir in the hill-fort of Satara—a type of environment 
very unusual for L. acuminata. The specimens were small and 
rather narrow but exhibited the diagnostic characters clearly. 

L. acuminata is common in the Manipur Valley, in which, how¬ 
ever, we obtained no specimens of the extreme narrow type {gra- 
cilior, von Martens). Indeed the shells obtained showed less indi¬ 
vidual variability than in many districts and were for the most 
part of a type approaching the mean in shell form, neither vei*}’^ 
narrow nor particularly broad. No very large specimens were seen, 
and none that could be called dwarfed. The averge size of shells 
was, however, distinctly smaller than usual. One or two points of 
interest may be further noted in detail as regards plasticity and 
aberration. 

Our collection is from different parts of the Loktak Lake, from 
ponds, swamps and small bathing-pools and from a stream. The 
specimens from the Loktak Lake provide evidence of distinct but 
not extreme plasticity. If shells from clean beds of Potamogeton 
in the lake (pi. VII, fig. 2) be compared with those from its rather 
foul and swampy margin (pi. VII, fig. i), the following differences 
are apparent:—(i) the shells from the open lake are in most in¬ 
stances distinctly smaller and have a shorter spire (see table of 
measurements) than those from the margin. In both series the 
colour is a deep chestnut brown, but those from the margin are 
coated externally with a black deposit. The shell in the latter is 
also a little thicker and the sculpture coarser and more regular. 

The most characteristic series in our collection, however, 
consists of specimens from running water. These were found on 
floating grass-stems and among green filamentous algae in the 
small stream that runs past Potsengbam into the north end of the 
Loktak Lake. They occurred only at places at which the water 
was clean and deep and flowed fairly rapidly. The shells in this 
series are almost colourless and so thin and brittle that we found 
it difficult to secure perfect specimens. Their surface is deeply 
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but irregularly sculptured and may be described as coarsely 
malleated. The shells are narrow, with long spires but not of ex¬ 
treme type ill shell-form. They are rather small. The animals 
in these shells were very pale in colour. 

Two abnormal specimens may now be described. They were 
found together in a bed of Potamogeion at the point at which the 
main outflow leaves the Loktak Lake. One only differed exter¬ 
nally from the majority found with it in its larger size. It is 
numbered A (i) in the table of measurements. We may note that 
its size was large only in comparison to other individuals found 
with it, for much larger individuals are common at some places. 
On dissection it was found that the body-cavity of this individual 
was occupied by a contorted mass of elongate filiform Trematode 
sporocysts, which completely surrounded the upper part of the 
genital system. All the genital glands were crowded together in 
a degenerate mass, while the female ducts could not be traced. 
The lower part of the vas deferens and muscular penis-sac with 
its retractor muscles were, however, intact. 

The other abnormal specimen (pi VII, fig. 3) was peculiar in 
shell-form. It was remarkable for the very small size of its spire 
and the relatively great length of the aperture of the shell. The 
interesting feature of this abnormality (or ? mutation) is that the 
peculiarities in shell-form are among those commonly found in 
lacustrine species and phases of the genus. The shell, however, 
had not all the characteristics of such forms as it was no paler, 
thinner or smaller than those taken with it. 


Measurements of Shells (in millimetres). 



A 

B 

C 

D 

1 

E 1 

1 

F 

i 


1 

2 

I 

1 ^ 

I 

2 

I 

2 

I 

2 

1 

2 

Length 

34-2 

i6*4 

22 

18 9 

27*2 

24'4 

25'9 

22*1 

21 

^ 2I*S 

12*4 

13-1 

Breadth 

I0'3 

97 

I3'9 

II-4 

16-3 

i4‘5 

157 

12*6 

11*9 

I3'3 

6*9 

7*8 

Length of aper¬ 





1 19-6 

20*6 


i6*3 




ture 

27-8 

15 

18-4 

I5'3 

21‘2 

17*1 

17*2 

9*6 

10*9 

Breadth of ap¬ 


1 





5-8 


erture 

15-1 

8’2 

II-5 

9’4 

12*8 

12*1 

14-2 

9*8 

i'4 

10*3 

(^5 

Length of spire 




4*6 




2-5 


(dorsal view). 

5'3 

I’4 

3'4 

3'i 

5-4 

37 

5 

3'9 

3*6 

2*2 

Breadth of spire 



5-6 

1 

1 






(dorsal view). 

8 

27 

4-3 

4-2 

6-5 

6*1 1 

1 

1 

5’4 

1 

47 

4’5 

3'i 

v2*8 


A. A small channel south of Thanga Island with.bed of clean Potamogeton 

abnormal specimens; (i) is the large specimen and (2) the short- 
.. spired form, 

B. Same locality (normal individual). 

C. Swamp at Thanga Island in the Loktat Lake. 

D. Small muddy bathing pools Thanga Island. 

E. Potsengbam, northern end of the lake. 

P'. Amingaon, near Gauhati, Assam. 
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Limnaca ovalis, Gray. 

1878. Limnaeus ovaliSf Neyill, op. cit., p. 233. 

1881. Limnaea ovalis, von Martens, op. cit., p. 81, pi, xv, figs. 1-4, 

8 , 9 - 

This species is much less variable but more sporadic in occur¬ 
rence than L. acuminata. One adult and two young specimens 
were found at Chigi Turel on the Chugnu Road in Manipur by Mr. 
Sunder I^al Hora in a small shallow channel of water. The adult 
specimen is not quite typical but may be described as intermediate 
between those figured as var. 'prunum and var. nucleus by von 
Martens in the paper cited. It is, however, smaller than either, its 
height being i9’5 mm. and its maximum diameter I3*i mm. It is 
of a dull opaque purplish brown colour and rather thick. 

L. ovalis has been found at various localities in the Ganges 
Valley and also at Golconda in Hyderabad (Annandale and Kemp). 
It is often abundant where it occurs. It has been recorded, 
doubtfully, from Assam and with less doubt from the lake coun¬ 
try of Kumaon in the Western Himalayas, but not from Burma. 


Limnaca ovalior, sp. nov. 

(PI. VII, figs. 4—6.) 

The shell is of moderate size and thickness, of a very regular 
and symmetrical oval shape, of a bright chestnut brown colour 
and unusually opaque when quite fresh and clean. It is about 
times as high as broad. The spire is short and blunt, consisting 
of or 4 whorls and never occupying more than about ^ of its 
total height. The spiral of the first 2^ or 3 whorls is transverse, 
but above the basal whorl of the spire it becomes oblique and 
above the body-whorl still more so. The suture is impressed round 
the terminal whorls of the spire, but much less so above the two last 
whorls of the shell and the upper part of the whorls is not at all 
shouldered or angulate. The whorls increase in breadth rapidly 
and the basal whorl of the spire is nearly as broad as the upper 
part of the body-whorl. The latter is very regular in outline and 
dorsally is about times as long as broad, its anterior extremity 
is evenly rounded and very little expanded. The aperture is long 
and rather narrow, extending for about tV the height of the shell ; it 
has an auriculate outline, is sharply pointed above and very little 
oblique. The outer lip is sharp and evenly arched. The umbili¬ 
cus is completely occluded by the columellar callus, which is 
broad, coarse and high, extending to the outer lip above and at 
its outer extremity covered over by it. The columella is short and 
twisted and nearly straight as a whole. The sculpture consists of 
fairly regular fine, slightly curved longitudinal ridges, some of 
which, probably representing the growth-periods, are coarser than 
others. They are barely visible to the naked eye. The profile 
of the external surface is moderate. 
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Shells from Dimapur, Assam, are a little smaller, narrower and 
less symmetrical than those from Manipur. 


Measurements of Shells {in millimetres). 


Length 

Breadth 

Length of aperture 
Breadth of aperture 
Length of spire (dorsal view) 
Breadth of spire (dorsal view) 


A 

B 

C 

17-4 

15-2 

i6’i 

II -5 

10 

10*8 

12-3 

ii-i 

ii'6 

7‘4 

7-2 

7*4 

4-2 

2’6 

3'3 

6-5 

51 

6 4 


at Thanga Island 


All the above specimens are from a swamp 
in the Loktak Lake. 



Fig. 13.—Radular teeth of Limnaea. 

A. L. ovalior, Annandale and Prashad. 

B. L. andersoniana, Nevill. 


The animal is of unusually dark colour with the mantle black, 
unspotted or with faint and relatively small round spots, and 
with pale margin. As in all Indian species examined by us, the 
tentacles seem to be shorter than those of some European forms. 
The cephalic lobes are large and broad and the foot is compara¬ 
tively small, bluntly pointed behind and- somewhat expanded at 
the antero-lateral angles. The eyes are small. 

The mouth is small and the upper jaw stout, semicircular and 
black. The lateral pieces are slender but well cornified and dark 
in colour. The radula is short and broad, narrowing abruptly in 
front and rounded at the tip. The whole buccal mass is relatively 
small. The dental formula is approximately 19.12.1.12.19. The 
lateral and marginal teeth are well differentiated and the latter 
have a deep yellowish tinge. The cusp of the central is stout and 
relatively large, with a distinct lobe on the right side. The later¬ 
als are distinctly tricuspid, but the entocone is much shorter than 
the other cusps and is apt to be concealed by being turned in 
under the mesocone. The mesocone and ectocone are long and 
sharp. The laterals are unusually stout. They are multicuspid 
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with the outer and inner cusps larger than the others. Their 
bodies are long, narrow and oblique. 

The oesophagus is long and narrow, the gizzard large and 
powerfully developed, occupying the greater part of the stomach. 
The genitalia do not differ materially from those of other Indian 
species. The penis-sheath is large and sausage-shaped, pigmented 
and of a greyish colour. The spermatheca, which is full of sperma¬ 
tozoa in specimens examined, is pyriform and possesses a duct 
about half as long as itself. 

Type-specimens .—M 11717/2, Zool. Surv. Ind, {Ind. Mus.). 

Locality, etc.—This species was found in fair abundance in a 
drying peat-swamp on the east side of the Loktak I^ake, Manipur, 
in February, 1920. It leads an almost amphibious existence in 
and on the damp mud at the edge of buffalo-wallows and other 
small pools. There is no true aquatic vegetation in its haunts and 
it appears to feed on mud and decaying vegetable matter. A 
specimen was found to be heavily parasitized with sporocysts and 
cercariae, but unfortunately all those brought living to Calcutta 
for examination died on the way. Specimens, were also obtained 
in a pool of very foul water in the jungle near Dimapur, Assam. 

There can be little doubt about the affinities of L. ovaXior, 
which is evidently no more than a final link in the chain of evolu¬ 
tion of which L. andersoniana with its diverse phases is the predom¬ 
inant component. We will discuss this point further when deal¬ 
ing with that species. 


Limnaea andersoniana, Nevill. 

(PI. VIII, figs. 1—6.) 

1908. Limnaea {Gulnaria) simuLans, Preston, Rec. Ind. Mus. II, p, 49, 

fiR-- 6. 

1918. Limnaea andersoniana, Annandale, Ind. Mus. XIV pp. 106, 
149, figs. 4a, 46. 

In his original description of L. andersoniana, as one of us 
has pointed, out in the paper cited, Nevill included, in addition to 
the central Asiatic form he later recognized as distinct, two that at 
first sight appear rather different. The view that these represent 
respective!}'’ a pond and a stream phase of a single species is fully 
borne out by recent observations in Manipur and. eastern Assam, 
in which L. andersoniana is abundant. Further particulars may, 
therefore, now be given. 

The forma typica of the species, as represented by Nevill’s 
type-specimen (pi. VIII, fig. i) from Nantin in Yunnan, has a 
small, rather fragile shell of a pale brownish colour and an ovoid 
form. The spire is acuminate and exserted, but by no means long. 
There are 4^ .whorls and the spiral is moderately oblique. The 
suture is impressed and the upper extremity of each whorl is 
narrowly flattened outside it. The lowest whorl of the spire is 
much narrower than the body-whorl and is situated on its inner 
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side. The body-whorl is relatively long and somewhat oblique, 
about IJ times as high as broad; its inner outline is distinctly 
sinuate and its anterior extremity is somewhat narrowly rounded 
and a little expanded. The channel leading to the umbilicus can 
be seen from the dorsal view. The ventral surface and the aper¬ 
ture are in every respect very like those of L. ovalis and L. ovalior, 
except that they are narrower. The sculpture is very like that of 
L. ovalior, but a little more regular. The height of the type-speci¬ 
men is 10 mm., the minimum diameter 6*4, the height of the spire 
2-5, that of the mouth 7-3 and the maximum diameter of the 
mouth 4 5 mm. 

This description would apply equally well to shells from ponds 
at Imphal in Manipur, except that they are a little larger and the 
body-whorl is a little broader. Shells from ponds in the Yawnghwe 
Valley in the Southern Shan States resemble the type-specimen 
even more closely. Shells from a pond at Dimapur in the plains of 
Assam immediately north of the Naga Hills show greater individual 
variation. In some the difference consists merely in an almost 
imperceptible reclination of the expansion of the anterior margin 
and a slight broadening of the penultimate whorl. In others, how¬ 
ever, which are invariably larger, the spire is decidedly shorter and 
broader and the body-whorl broader and more oblique. These 
shells form a connecting link between L. andersoniana and L. 
ovalior. We will discuss the conditions in which they were living 
shortly. 

The great majority of Nevill’s specimens from Yunnan (includ¬ 
ing shells from the same locality as the type*specimen) and also 
one examined by him (and a number examined by us) from the 
Southern Shan States, represent the other phase hitherto unrecog¬ 
nized, differing in their smaller size, longer and narrower spire, 
narrower aperture and body-whorl. In other words their spiral is 
more tightly coiled and they are reduced in size. Specimens from 
a small muddy stream in the Yawnghwe Valley closely resemble 
these shells. 

Shells from a hill-stream with clear water running rapidly 
over a stony bed near Bishenpur on the west side of the Manipur 
Valley represent yet a fourth phase. They are still narrower than 
those from the Yawnghwe stream, of more fragile structure and 
of a rich golden brown colour. Some of them are also consider¬ 
ably larger. Shells, however, from the same and adjacent streams 
a little lower down, after they have reached the valley, and from 
rice-fields irrigated from those streams, agree precisely with the 
Yawnghwe phase. 

There can, therefore, no longer be any doubt that L. ander¬ 
soniana is a polymorphic species and that its various forms are 
correlated with different types of habitat. It is possible to recog¬ 
nize four phases, for which it will be convenient to have names, 
though there is no reason why these names should not be English. 
We will give a synopsis of the phases and the circumstances in 
which they have been found. 
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Phase I (Intermediate) (pi. VIII, figs. 2-5).—This phase was 
found in a fairly large swampy pond, evidently connected with a 
small stream in the rainy season, at Dimapur and in several 
ponds at Imphal, Manipur, in February and March, 1920. The 
ponds were well supplied with submerged aquatic vegetation 
but the molluscs were most abundant (at Dimapur) in a half isol¬ 
ated pool with no vegetation of the kind and evidently forming 
part of the bed of a sluggish stream for part of the year. They 
were pairing and ovipositing in March, i.e. some months before it 
is probable that the stream would be running. In these condi¬ 
tions greater individual variability occurred than among individuals 
living (at Imphal) amongst dense vegetation in permanent ponds. 
Imphal (2,600 ft.) is probably situated at a somewhat higher altitude 
than Dimapur. 

This phase, as we have pointed out above, is a connecting 
link between L. ovalior and L. andersoniana. Many individuals 
of it come rather close to the former species, but all are much 
smaller, have the body-whorl less inflated and the penultimate 
whorl rather broader. The sculpture is also less coarse and more 
regular. The shell is usually broader than in the next phase and 
capable of growing larger. 

Phase II (Pond Phase) (pi. VIII, fig. i).—This is the forma 
typica of the species and has been found both in Yunnan (in 
unknown circumstances) and also in ponds full of submerged 
vegetation in the Southern Shan States, at altitudes of feet 

or over. The shell is narrower and as a rule more fragile than in 
the former phase. Similar but slightly broader specimens occur 
in pools at Imphal. 

Phase III (Stream Phase). —Specimens have been found in 
muddy spots at the edge of streams in the Southern Shan States 
and in the Manipur Valley, also in rice-fields irrigated from the 
same streams; and in unknown circumstances in Yunnan, Kashgar 
and Nepal at altitudes between 2,600 and 5,000 feet. They occur, 
often in large numbers on bare mud in an entire absence of 
phanerogamic vegetation. The shell is considerably narrower 
and usually smaller than in the preceding phases, rather thicker 
and duller in colour. This phase has been described by Preston 
under the name Limnaea simulans. 

Phase IV (Hii,i,- Stream Phase (pi. VIII, fig. 6).—Specimens 
of this extreme phase were collected in a hill-stream neat Potseng- 
bam on the west side of the Manipur Valley.^ The stream has a 
rapid current, verj' clear water and a bottom of small pebbles and 
stones. The specimens of Limnaea were found attached to the 
pebbles in a shady area along the banks. The shell of these 
specimens is still narrower and more elongate than in the preced¬ 
ing phase, with the spire smaller and less regular, and the callus 
less indistinctly marked; the mouth is narrower and more pointed. 
The shell itself is paler and more polished. 
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Intermediate 

Stream 

Hill-stream 


Phase. 

Phase. 

Phase. 


I 

2 

I 

2 


Length 

i5'6 

12*9 

II 

IO‘2 

11*5 

Breadth 

io'7 

8 

62 

5*6 

6 

Length of aperture ... 


8-4 

6-4 

6’i 

7*1 

Breadth of aperture ... 

67 

47 

4-9 

3*4 

3*7 

Length of spire (dorsal view) ... 

3-8 

3-6 

3'6 

3*3 

. 3'4 

Breadth of spire (dorsal view) ... 

5-<5 

4‘4 

3*4 

3*1 

3*6 


We figure the radula (fig. 13, B) of a specimen of the inter¬ 
mediate phase from Dimapur, Assam. 


Family PLANORBIDAE. 

As the Manipur Valley is rich in species of this family, and 
as‘ representatives of all the main Indian types occur in it, we 
have taken the opportunity to carry out, so far as our present 
knowledge permits, a generic revision of the Indian species. 

This revision has had interesting results from a morphological 
point of view, for it shows that branchial structure and shell-form 
are not necessarily correlated. In our new genus Indoplanorbis, 
which has a typical discoidal shell, the branchial process is folded, 
while both in the other Indian genera with shells of the same type 
and in Camptoceras, the shell of which is more or less P/iysa-like, 
the process is simple as in Planorbis^ s.s. The contribution we 
are now able to make to the anatomy of Benson’s peculiar genus 
leaves no doubt that Walker * was right in assigning it to the 
Planorbidae and that its resemblances to the Ancylidae, on which 
we previously * laid stress, are hardly more than superficial. 

I. Shell flat and discoidal (Planorbiinae). Anal siphon 
incomplete. 

A. Shell relatively larjje and thick with the whorls con¬ 
vex above and below, both animal and shell clearly 
-sinistral. Penis without a horny stylet. 

i. Young shell not as a rule Physa-Vike, animal with 

a simple branchial process. Radula long and 
narrow, the cusps of the teeth thin and set on a 
lower level than their bases. Penis short and 
swollen when retracted, asymmetrical; penis 
sheath, with a thick-walled preputium, two re¬ 
tractor muscles present ... ... ... Planorbis. 

ii. Young shell P/tjysa-like. Branchial process lobed. 

Radula relatively large and broad, with the 
tips of the cusps of the teeth no thinner than the 


* Occ. pap. Mus. Zool. Univ. Michigan, No. 64 (igigj. 
^ Jouvn. .di. Soc. Bengal XIV, p. 457 (1919)* 
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bases. Penis long, a simple cylindrical tube; 
penis-sheath similar, no retractor muscle 
B. Shell thin, as a rule small, if more than i cm. in maxi¬ 
mum diameter with the whorls flattened below. 
Branchial process simple. 

i. Shell always less than i cm. in diameter, appar¬ 

ently dextral (though the animal is sinistral), 
with the whorls convex above and below but 
flattened as a whole, usually with a peripheral 
keel. Radula like that of Planorbis. Penis 
relatively long, provided with a horny stylet; 
preputium of complicated structure; a single 
retractor muscle present 

ii. Shell small or of moderate size, flattened below, 

without internal teeth or folds. Radula ex¬ 
tremely small with minute teeth; laterals 
twinned. Penis relatively short and stout with¬ 
out a horny stylet 

iii. Shell small, resembling that of last genus but 
usually with hard enamel-like vertical ridges. 
Radula as in Gyraulus but with the lateral and 
marginals more numerous. Penis long and 
narrow, asymmetrical with horny stylet; penis- 
sheath with a pair of lateral lobes at its upper 
extremity; preputium well developed with a 
single retractor muscle... 

II. Shell ovate or almost cylindrical, sinistral (Bullininae). 
Shell small and thin, elongate, with the suture remark¬ 
ably broad, deep and oblique. Animal with a simple 
branchial process, and a well developed left epipodial 
leaf-like lobe, which can be spirally coiled to form a 
complete anal funnel. Radula like that of Gyraulus 
but with broader denticulations on the. teeth. Penis 
broad and stout, without a stylet 


Indoplanorbis. 


Gyraulus. 


Hippeutis ? 


Segmentina. 


Camptoceras. 


Indoplanorbis, gen. nov 

1915. Planorbis, Preston, Fauna. Brit. Ind. Freshw.-Moll., p. 115. 

The adult shell is relatively large and thick and closely resem¬ 
bles that of Planorbis {s.s). The whole is discoidal, but the 
whorls are convex and the. suture deeply impressed. The aperture 
is ear-shaped, with the broader end (morphologically the lower 
extremity) uppermost when the shell is held with the mouth on 
the left. The young shell resembles that of Physa and is ovate, 
with the upper extremity,flattened and the lower somewhat point¬ 
ed, the spire being nearly flat. 

The animal is sinistral. Its foot is relatively broad and short, 
leaf-shaped, broadly rounded in front and pointed behind. The 
head is very broad and has its lower margin, expanded and flat¬ 
tened. The tentacles are elongate and filiform. The eyes lie at the 
inner base of the tentacles and are completely sessile. The mouth 
opens on the lower surface of the head in front of the foot. 

The jaw is narrow and has lateral pieces of the usual type. 
The radula is broad having more than 20 longitudinal rows of 
marginals. The central is relatively large and bicuspid. The 
laterals are tricuspid, short and broad; the free lobe equals the 
base in length. They closely resemble those of Limnaea. The 
transition between the tricuspid laterals and the pectinate margin- 
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als is gradual. The denticulations of the teeth are not separated 
by any sharp line of division from the free lobe, but the whole 
structure is continuous as in Limnaea. 

The genital aperture, which is situated some distance behind 
the left tentacle, is slit-like and relatively large. The vas deferens 
opens directly without in¬ 
vagination into an elongate 
cylindrical eversible penis 
with a bulky lumen. This 
organ is slender, tubular 
and t)f considerable length, 
extending practically to the 
end of the penis-sheath 
when contracted. Its ori¬ 
fice is circular and symme¬ 
trical. It is similar in form 
to the penis-sheath, which 
is a long, somewhat curved, 
thin-walled tube. There is 
no retractor muscle. The 
whole apparatus is, there¬ 
fore, much less complicated 
than any of the types recog¬ 
nized by Simroth. There is 
no penial stylet. The female 
genitalia are of the usual 
type. 

Type-species. — Planor- 
bis exustus, Deshayes. 

This genus differs from 
the true Planorhis of Muller 
(with the European P. cor- 
neuSy Einn., as type-species) 

in the structure of the branchial process, the radula and the 
genitalia. The shell also has a characteristic facies, although it 
is difficult to formulate the differences precisely. The shape of 
the aperture is noteworthy. The branchial process apparently 
resembles that of BulUmis ^ and Miratesta^ while the radular 
teeth are not unlike those of the subgenus Galha * of the genus 
Limnaea. 

As Mons. L. Germain shows in his catalogue of the Planor- 
bidae in the collection of the Indian Museum (now in the press) 
all of the larger discoidal shells of the family from the Indian 
Empire that are preserved in the collection belong to Planorhis 
exustus, Desh., the type-species of our new genus A consider- 



y/ 


B- 

F'ig. 14.— A. Penis and end,of vas deferens, 
of Indoplanorbis exustus (Deshayes). 

e,p. external opening; penis.; p.s. 
penis sheath; sp. sperm duct; v d. 
vas deferens. 

B, Terminal part of the male duct of 
/. exustus. 


^ Pelseneer, Molhtsca^ in Lankester’s Treatise on Zoology^ p. 186, fig. 175 
(1906). 

^ P. and F. Sarasin, Sussw. Moll. Celebes, pp. 72-77, figs. 165, 166. 

2 Baker. Chicago Acad. Sci. Spec. Pub. No. 3, p. 199 (iQii). 
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able number of specific names have been given to varieties and 
phases of I exustus and we believe that all those forms, 
assigned to Planorhis (s.s.) by Preston are reall}’^ s5monymous, 
with the possible exception of P hindUy Clessin. As to this form 
nothing is known beyond the original description and figure, 
and we doubt whether it is really Indian. There is, therefore, at 
present no evidence for the occurrence of the true Planorhis in 
India. 

Distribution of the Genus .—The type-species occurs not only 
throughout the plains of the Indian Empire east of the Indus, 
but also in Siam, the Malay Peninsula, French Indo-china and 
Sumatra, whence we have recently examined numerous specimens. 

Indoplanorbis exustus (Desh.). 

1834. Planorhis exustus, Deshayes, Voy. Bell, hides Orient. Zool., p. 
417, pi. i, figs. 11-13. 

1836. Planorhis indicus, Benson, Journ. As. Soc. Bengal V, p. 743. 

1856. Planorhis coromandelicus, Clessin, Mart. Chemn. Conch.-Cab., 
Limnaeacea XVI 11 , p. 43, pi. vi, figs. 14-16, 20-22. 

1918. Planorhis exustus, Annandale, Rec. Ind. Miis. XIV p. iii, pi. 
xi, figs. I, \a. 

In the paper cited above, one of us referred to 1 . exustus as 
an example of a species which, comparatively speaking, was neither 
variable nor plastic. When series from many different habitats 
are examined it becomes evident that this statement should have 
been qualified by some such phrase as “ in normal circumstances.” 
Specimens from ordinary ponds and swamps in India, Siam and 
Sumatra are very much alike, but those from pools subject to great 
changes in physical conditions or containing water of very abnor¬ 
mal chemical composition respond readily in peculiarities of shell- 
structure. In the collection belonging to the Indian Museum Mons. 
Iv. Germain has found a number of peculiar phases, some of which 
he has described as varieties. 

An instance has recently come under observation in which a 
distinct seasonal change has been noted in the shells found in a 
certain pool situated on a small island and liable to considerable 
vicissitudes. This pool, which lies in the middle of Barkuda, a 
rocky island in the Chilka Lake, is a small artificial pond dug in 
the rock. In the latter part of the rainy season and for some time 
after it, roughly from the middle of July to December, it contains 
from 12 to 15 feet of water which is only very slightly brackish 
and remains fairly cool, but by April has sunk to a small puddle 
of saline water heated by the sun to a high temperature. The 
early showers which precede the monsoon in May and June fill up 
the pond again, not of course to its level in the rainy season, but 
sufficiently to give a depth of 4 or 5 feet of water and to reduce 
the salinity very considerably. The pond has no visible aquatic 
vegetation at any season, but I exustus and a form of Limnaea 
luteola abound on the mud with which its rocky basin is deeply 
covered. Specimens of the Planorbid taken in August are fairly 
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normal, but rather small. The measurements of a large shell are 
14x11x6 mm. The colour, when the shell is clean, is a deep 
uniform chestnut brown, but the surface is usually covered with a 
black deposit. The aperture is often somewhat contracted and 
shows a slight tendency to be irregularly folded round the margin, 
and the vertical sculpture, though by no means strong, is rather 
irregular. The animal is apparently quite normal. 

The shells taken in the middle of April are considerably smaller, 
the measurements not exceeding iTX 9*5x5 mm. The older part 
is like that of individuals collected in summer, but the younger 
part of the body-whorl, often for a length of at least 6 mm. is 
distinctly abnormal. In this region the shell is very thin, strongly 
and irregularly sculptured and often somewhat eroded on the sur¬ 
face and as a rule much distorted round the aperture, which is 
sometimes thrown into strong folds. At this season the soft parts 
are also abnormal. A greater part of the animal is as a rule pro ■ 
truded froiri the shell than is usual, and the mantle seems to have 
shrunk in such a way that the siphon and the branchial process, 
which is very large, are often completely exposed. The tentacles 
also are as a rule strongly clavate, having an oval swelling at the 
tip which, as its tip is densely pigmented, has much the appear¬ 
ance of an eye. Major R. B S. Sewell has kindly examined speci¬ 
mens of these abnormal tentacles. He finds in the tissues of the 
swollen tips numerous individuals of a parasitic Protozoon, prob¬ 
ably a Gregarine. Specimens taken at the beginning of June had 
again become normal both as regards their shell and in their soft 
parts. The tentacles were no longer clubbed and were free from 
parasites. 

At least five factors may enter into the question of the origin 
of these changes in the shell and soft parts of I. exustus^ namely 
(i) changes in the salinity of the water, (2) abnormally high tem¬ 
perature, (3) restricted space, (4) restricted food supply, and {5) 
parasitism. The production of clavate tentacles is clearly due to 
the last, but probably the abnormal structure of the 5’'oungest 
part of the shell in April is due mainly to the first two. 

7 . exustus is common all over the Manipur Valley, in ponds, 
swamps, sluggish streams and in the Loktak Lake. Specimens are 
for the most part normal, all the shells are of a deep chestnut 
brown colour when clean. Some very large specimens with the 
vertical ridges strongly but not excessively developed and the 
central region deeply depressed both above and below, were found 
in small artificial bathing-pools devoid of visible vegetation at the 
edge of the swamp to the east of the Loktak Lake. The mea¬ 
surements of one of these are 20 X 16*5 X 8 2 mm. 

Anatomy .—The foot of 1 exustus when fully expanded is leaf¬ 
shaped, not more than twice as long as broad, very broadly round¬ 
ed or subtruncate in front and bluntly pointed behind. The 
head is broad and short, it has an expanded and flattened lower 
margin and is convex above. The tentacles are not very long and 
are filiform. The eyes are entirely sessile and lie close to the inner 



582 


Records of the Indian Museum. 


[Voi,. XXII, 


base of the tentacles. The edge of the mantle is somewhat thick¬ 
ened and the left epipodial lobe is well developed to form an ear¬ 
shaped incomplete funnel or pulmonary siphon. Ikying externally 
and posterior to the siphon a secondary pallial branchial process 
projects outwards and backwards. When fully expanded this process 
is elongate, band-shaped and bluntly pointed. In longitudinal sec¬ 
tion it would be coarsely 
and strongly sinuate owing 
to alternate convexities and 
concavities on its surface. 
When contracted it has the 
appearance of a strongly 
pleated or folded foliate 
body; in some cases the 
pleats are large and appear 
like lamellae. 

In the radula there are 
about 75 longitudinal rows of 
teeth with the approximate 
dental formula 26.12.1.12.26. 
The external marginals are, 
however, very ill-developed 
and the transition between 
the outer laterals and inner 
marginals is so gradual that 
it is difficult to fix the point of separation. The free lobe of the 
central is large and bilobed. Its base irrelatively long and narrow. 
The marginals have their cusps long, stout and sharp. In other 
respects the teeth do not offer any peculiarities beyond those 
noticed in the generic description. 



Fig. 15. — Longitudinal section of the sec¬ 
ondary branchial process of hidoplanorbis 
exustus (Deshayes). 


Gyraulus, Agassiz. 

1837. Gyraulus, Agassiz, De Charpentier Cat. Moll, terr.fluv. Suisse ; 

Neu. Dell. Schw. Ges. Nat. I, p. 21. 

1919. Gyraulus, Annandale and Prashad, Rec.lnd. Mus. XVIII, p. 52. 

We have nothing to add to our recent account of the genus, 
except that Benson’s species Planorbis cantori is not a Segmentina, 
as Preston thought, but belongs to this genus. 

Gyraulus convcxiusculus (Hutton). 

1919. Gyraulus convexiusculus, Annandale and Prashad, Rec. Ind. 

Mus. XVIII, pp. 52-54, figs 5E, 7a, 86. 

In the Manipur Valley the species is not so common as it is in 
other parts of India; and seems to be replaced to a large extent 
by G. cantori. 

The only specimens collected in the valley are from a shallow 
pond in front of the Residency at Imphal and an artificial tank 
at Mingyang Pukri in the same town. 
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Gyraulus cantori (Benson). 

1850. Planorbis cantori, Benson, Ann. Mag, Nat. Hist. (2) V p. 34 - 9 ;. 
1876. Planorbis cantori, Hanley and Theobald, Conch. Indtca, p. xviii, 
and p. 18, pi. xl, figs. 1-3. 

1878. Planorbis \Segmentina) cantori, Nevill, Hand-list Moll. Ind. 
Mus. I, p. 246. 

1915. Planorbis {Segmentina) cantori, Preston, Faun. Brit. hid. 
Freshw.-Moll., p. 126. 

Benson in his original description of the species specifically 
mentions partitions or lamellae within the shell; these like the ones 
described by the same author in another species {Planorbis umbi- 

... ^ 

A, 




Fig. 16. —Radular teeth of Planorbidae. 

A. Gyraulus cantori (Benson). 

B. Hippeutis (?) umbilicalis (Benson). 


licalit) are not to be seen in the specimens which we assign to this 
species. It appears likely that Benson mistook external furrows 
of the shells for internal septa. In other respects our specimens 
agree closely with his description 
and with Hanley and Theobald’s 
figures of this species. The shell 
closely resembles that of G. euphra- 
ticus but is still more depressed and 
flattened and has an even stronger 
peripheral keel. 

The animal resembles that of 
a true Gyraulus in all respects. The 
branchial process consists of a large 
and well-developed leaf-like pallial 
outgrowth in continuation of the 
left epipodial lobe. It is thick and 
highly vascular. The pulmonary 
siphon, which is just internal to the 
branchial process, is not well devel¬ 
oped, and is formed by the epipo- Fig. 17.—Penial stylet of Gyra- 

dial lobe itself. ulus cantori (Benson). 

The radula has the dental for¬ 
mula 9.8.1.8.9. The central tooth is bicuspid as other species, 
but the cusps are rather large and pointed. The lateral teeth 
are tricuspid with the cusps resembling those of the central. The 
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marginals differ from those of G. convexiusculus described in a pre¬ 
vious paper * in having only three or at the most four cusps. 

The genitalia resemble those of G. convexiusculus {loc. cit.) in 
all essentials. The stylet, however, is better developed and near the 
tip has the margin on one side produced into a distinct triangular 
flap. This is one of the common species of Planorbidae in the 
Manipur Valley and was collected in large numbers in the Toktak 
Lake, and in the streams and swamps surrounding the lake. 

HippeutiSt Agassiz* 

1837. Hippeitiis, Agassis, op., cit., p. 22. 

1886. Hippeutis. Clessin, op. cit., p. 34. 

The shell of Planorbis umbilicalis, Benson, as Bavay and 
Dautzenberg ® have observed, agrees in generic type with that of 
the European species of Hippeutis^ of which Planorbis fontanus, 
Lightfoot, is the type.^ We have been unable to find any account 
of the anatomy of this mollusc and cannot therefore be certain as 
to the generic identity of the form here discussed. In both radula 
and soft parts it differs very widely from the Indian species, of 
Segmentina and Gyraulus, which agree, at any rate in the genitalia, 
with S. nitidus and G.cilbus, respectively the type-species of the 
two genera. 

In shell-characters Planorbis caenosus^ Benson, closely resembles 
H. umbilicalis y and the two species are probably congeneric, as 
also appears to be the case with Planorbis sindicus of the-same 
author. In the account of the Fauna of the Inle Lake * an unfor¬ 
tunate confusion between caenosus afid trochoideus has occurred. 
The latter is certainly a Segmentina, while the shell of the former 
has no internal ridges and, as stated above, is probably a Hippeu¬ 
tis. 


Hippeutis (?) umbilicalis (Benson). 

1837. Planorbis umbilicalis, Benson, Joiirn. As. Soc. Bengal V, p. 471. 

1876. Planorbis umbilicalis, Hanley and Theobald, Conch. Indica, p. 
xviii, p. 18, pi. xl, figs. 7-9. 

1878. Planorbis {Segmentina) umbilicalis, Nevill, op. cit., p. 246. 

1886. Planorbis umbilicalis, Clessin, op. cit., p. 136, pi. xv, fig. 6. 

1910. Planorbis {Hippeutis) umbilicalis, Bavay and Dautzenberg, 
Journ. Conchyliol. LVIII, pp. 18, 19. 

1915. Planorbis {Segmentina) umbilicalis, Preston, op. cit., p. 125. 

No septa are to be seen in the large number of both young 
and very large specimens of this species in the collection. The 
shell in other respects closely agrees with Benson’s original descrip¬ 
tion and the excellent figures of the species in Hanley and Theo¬ 
bald’s work. 

The external soft parts generally resemble those of Gyraulus 


* Rec Ind. Mus. XVIII, p. 54, fig. 8B (1919). 

2 Journ. Conchyliol. LVIII, pp. 18, 19 (1910). 

^ See also Journ. Linn. Soc,. London XXXIV p. 213 (1920). 

* Rec. Ind. Mus. XIV, p. 113; also in Rec. Geo. Stirv, Ind. L, p. 219. 
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except that the branchial process and the pulmonary siphon are 
a little better developed. 

The radula is very minute with the dental formula approxi¬ 
mately 14.12.1.12.14. The central tooth is comparatively large 
and bicuspid with sharp cusps. The laterals and marginals both 
have a peculiar twinned structure, and the line of demarcation 
between the laterals and marginals is not very sharp. The laterals 
are tricuspid, the central cusps being much the largest. 

The male genitalia generally approximate to Simroth’s Typus 
but differ in details. The vas deferens is very long and coiled. 
The penis-sac is a well developed ovoidal structure with an elong¬ 
ate tubular preputium in continuation of the sac. The penis is 
massive with a lateral opening and without any stylet. 

H. umhilicalis was originally described from Sylhet, Assam, 
but has also been recorded from Bengal in the plains of the 
Ganges system; it is, however, a scarce species in India proper. 
In the Manipur Valley it is the most abundant Planorbid, occurring 
in the lyoktak I^ake and in ponds and swamps amidst dense 
vegetation. In the dry swamp east of the Loktak Lake large 
numbers of shells, not long dead, were found in little damp 
pockete under masses of peat. They had evidently migrated 
there in hundreds as the swamp dried up. 

The largest shells obtained in Manipur are from Looshipat, 
where they were found attached to long grass-blades in ponds 
with dirty water. One of them is 9 8 mm. in maximum diameter, 
8*3 mm. in minimum diameter and 2*9 mm, in height. 


Segmentina, Fleming. 

1817. Segmentina^ Fleming*, Conchology in De Brewster’s Knoyclope- 
dia, 7ih ed., VII. 

1878. Planorbis subgen. Segmentina (in part), Nevill, op^ cit,^ p. 246. 

1915* Planorbis subgen. Segmentina {in part), Preston, op- cit.y p. 124. 

1919. Segmentina, Annandale and Prashad, Rec. Ind- Mas. XVIII, 

p. 56. 

Preston in his account of the subgenus Segmentina has merely 
followed Nevill, and unfortunately at the time of the publication of 
Nevill’s work nothing was known of the anatomy of these forms, 
shell-characters alone being used for the discrimination of the vari¬ 
ous subgenera. As a result of the study of a large collection 
from Manipur of some of these forms in spirit, we find that the 
positions assigned by Preston to several of the species are unten¬ 
able. S. umhilicalis (Benson) is probably a Hippeuiis and so are 
5 . caenosus and 5 . sindiciis of the same author (see p. 584), while 
5 . cantori is a Gyraulus. 


Segmentina calathus (Benson). 

1919. Segmentina calathus^ Annandale and Prashad, op. cit., pp. 50, 
57. 5D (wrongly printed as 5E), 7C. 


I Simrcth, Bronn’s Thier-Reichs HI (Supplement), Mollusca, p. 502, fig. 
(19J2). 
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In the paper cited above some anatomical details are included, 
there is, however, an unfortunate typographical error in that fig. 
5D has the wrong lettering 5F, placed next to it, and vice versa 
with fig 5F. 

A fair number of specimens of this species were collected at 
Dimapur, Assam, and at Imphal and Mingyang Pukri in the Mani¬ 
pur Valley. Though the shell of all these specimens is beautifully 
preserved, none of them have the soft parts well preserved. This 
was previously noticed by us in the case of the specimens from 
Seistan and the Punjab, and it appears that the internal partitions 
in the shell are in some way responsible for the poor preservation 
of the soft parts. The species is widely distributed and we have 
recently seen some specimens from Sumatra. 

Camptoccras, Benson. 

1919. Camptoceras hirasei, Walker, op. cit-, pp. 1-6, pi. i. 

1919. Camptoceras, Annandale and Prashad, Joiirn. Soc. Bengal 

XIV, p. 457. 

1920. Camptoceras, id., ib., XN'll, pp. 27-33. 

Camptoceras lineatum, Blanford. 

1914. Camptoceras lineatiim, Gude, Fann. Brit. Ind. Moll.- II, p. 463. 

To Blanford’s original description of the shell, quoted with a 
copy of his figures by Gude, we have nothing to add, except that 
the spiral lines bear minute chaetae when the specimen is quite 
fresh or in a liquid medium. 

The animal agrees with Benson’s description of C. terehra 
and with Walker’s figures of the Japanese C. hirasei. The foot 
is narrow and tongue-shaped, bluntly pointed behind, relatively 
small and not extending very much beyond the aperture of the 
shell. The tentacles are long and filiform but slightly clavate (? 
always; see p. 581), with the eyes, which are small and sessile, 
situated at their bases internally , the external base of each ten¬ 
tacle is slightly swollen. The snout is short, broad and blunt. 
The edge of the mantle is greatly thickened. Some distance 
behind the left tentacle there is a simple vascular fold—the pallial 
branchial process—and the opening of the branchial chamber is 
situated behind it. The aperture is large and, when the animal 
is in a half expanded condition, patent. A fold arises behind and 
below it on the side of the body and grows out as it proceeds 
forward, into a long, almost epipodial process. As the animal 
expands this process curls up in a spiral to form a complete 
branchial siphon with an inferior oval orifice, which is directed 
downwards, outwards and backwards. The faecal pellets are dis¬ 
charged through this orifice which lies immediately behind the 
anus. The blood is red and gives the whole animal a slightly 
pinkish tinge. The foot and tentacles are suffused with pale olive 
and minutely speckled with black and white, each of the latter has 
in addition an oval black area lying midway between the tips 
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and the bases. The snout is dark with an irregular stripe of pale 
specks running forward from each e3’'e. 

The radula is of the same type as that of C. hirasei and C 
subspinosum, and has the formula approximately 12.9.1.9.12. 
The external marginals are very feebly developed. The jaw con* 
sists of a small central piece, which is rather narrow and deep, and 
two lateral pieces, each of which is very long and thread-like. 
The whole jaw is feeblj’^ chitinized. The internal anatomy is of 
the Planorbid tj’^pe, but it is impossible for us to go into details 
owing to onl.v two specimens being available. The penis-sheath, 
however is broad and stout with a small penis, without any sty¬ 
let at the end. 

Walker’s figures of C. hirasei show the anal siphon, slightly 
clavate tentacles and (in a highly contracted state) the left epi- 
podial lobe. They provide no evidence of any generic difference 
between the species with elongate shells and C. lineatum^ in which 
the type of shell-form is much less extreme. As we have shown 
in another paper {op. cit., p. 28) a species (C. subspinosum) occurs 
in Kashmir with a shell in some respects intermediate between 
the two types. We see no reason, therefore, to separate C. linea- 
tum generic ally from Camptoceras. 

Two specimens of this species were found crawling on the 
underside of floating grass-stems in a small, sluggish muddj'^ 
stream that runs into the north end of the Toktak I^ake near 
Potsengbam. They were accompanied by numerous individuals 
of Ancylus viola. Though their progression was slow and An- 
cylus-VCke, doubtless on account of their small foot, they showed 
great nimbleness in twisting the free part of the body about in 
the mouth of the, shell. They remained submerged when placed 
in a vessel of clear water. The only other specimens of this 
species were found many years ago by Col. Godwin-Austen in 
what is now the Dacca District of Eastern Bengal. They were 
aestivating in dry weather among herbage at the edge of a partly 
desiccated pool and had secreted an epiphragm inside the mouth 
of their shells. Though the structure still remains intact, after 
nearly half a century, in specimens in Calcutta and London, the 
soft parts of the animal, at any rate in Calcutta, have completely 
decayed inside it. 

Family ANCYLIDAE. 

The taxonomy of this family is rendered difficult by the 
simple, probably degenerate character of the shell and by the 
habitual smallness of the animals. Walker, in recent volumes of 
Nautilus, has gone to great lengths in separating the species into 
genera and even subfamilies on microscopic characters largely in 
the radula. His classification is, however, impossible to apply 
without much labour and some residue of doubt in many cases. 
Some of the genera he recognizes are undoubtedly distinct, but 
the separation of ‘ ^ Ferrissiinae ” from the Ancylinae is fraught 
with more danger than perhaps its intrinsic merit justifies, for the 
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radular teeth in these little molluscs can only be examined under 
an oil-immersion lens and even at the great magnification such a 
lens provides do not give an image beyond the possibilities of 
error in all cases. Moreover, the differences in the minute struc¬ 
tures hardly seem to be supported by other differences of corre¬ 
sponding importance in the anatomy or the shell. We found it 
very difficult to convince ourselves, for example, that Walker 
was right in assigning the common Indian Ancylus verruca to Fer- 
rissia, though there was much less doubt as to the new species 
here described. We propose, therefore, to retain these species in 
Ancylus, but to recognize Ferrissia as a subgenus and assign 
them to it. 

In order to establish their status it was necessary to examine 
also the named and unnamed collections in the Indian Museum, 
including the specimens mentioned by Nevill in his ‘‘ Hand-Iyist.” 
Among these we found considerable confusion. As all the species 
already known from the Indian Bmpire were represented in the 
collection, we take this opportunity to revise them here. Shells 
only of A. baconi and C. tenuis are available, but we see no rea¬ 
son to separate either of these species or A. ceylanicus from the 
others subgenerically and therefore assign all the Indian species 
to the subgenus Ferrissia. 

The shells of these species may be distinguished b3^ the use 
of the following key :— 

Key to the Indian species of Ancylus. 

/. Apex of shell sharply pointed, v'ery little reflected; 
shell over 5 inm. long 

II. Apex blunt, reflected to the right; shell less than 5 
mm. long, 

A, . Greatest breadth of shell near the middle; outline 

of shell distinctly asymmetrical bilaterally 

B. Greatest breadth of shell in posterior third ; outline 

of shell almost symmetrical bilaterally. 

i. Sides of shell not parallel; altitude much less 

thanof length 

ii. Sides parallel; altitude more than ^ of length. 

a. Shell deep violet internally with minute radi¬ 

ating striae ... ... .... 

b. Shell dull 3ellovvish internally, without distinct 

microscopic sculpture 

Genus Ancylus, Geoffroy. 

1903. Ferrissia, Walker, Nautilns XVII, p. 15. 

1917. Ferrissia, id., ibid., p. 2. 

Although Walker described Ferrissia. as a subgenus of 
Ancylus only in 1903, he raised it to the rank of a subfamily 
under the name Ferrissiinae in 1917, defining it as follows:— 
^‘Jaw segmented in plates. Radula with a bicuspid central, 
laterals obliquely deflected with from two to five cusps arranged 
somewhat like the teeth of a comb; marginals also comb-like, 
cusps not (usually) extending to the basal line."' 


A. ceylanicus. 

A. verruca. 

A. baconi. 

A. viola. 

A. tenuis. 
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We have examined the radulae of A. verruca, A. viola and 
A. ceylanicus. Although the teeth differ in certain particulars from 
those figured by Walker in the second paper cited above, they 
conform sufficiently well to his description. 


Ancylus (Ferrissia) verruca, Benson. 

1855. Ancylus verruca, Benson, Ann. Mag. Nat. Hist. (2) XV’, p. 12. 

1876. Ancylus verruca, Hanley and Theobald, Conch. Ind., pi. Ixxxi. 
figs. 2, 3. 

1914. Ferrissia verruca, Walker, XXVII, p. 116. 

1915. Ancylus verruca, Preston, Faun, Brit. Ind., Freshiv.-Moll., 

p. 105. 

Specimens from Imphal, Manipur, agree fairly well with 
Hanley and Theobald’s figures except in being rather higher, 
narrower and taller. There is considerable variation in these 
respects, however, and our specimens are smaller than the one 
figured in the Conch. Indica. 

The animal closely resembles that of A. viola, a new species 
that we describe in greater detail, but has the left epipodial lobe 




B. 

Fig. 18. —Radular teeth of Ancylus. 

A. A. viola, Annandale and Prashad. 

B. A. verruca, Benson. 



relatively larger. We figure the radular teeth as seen under an 
oil-immersion lens. The mouth is a longitudinal slit provided 
with thin lateral lips and with a minute tongue-shaped process 
on the floor. The upper jaw is lunate and, though thin and deli¬ 
cate and somewhat broken up, has a concrete character as a whole. 
The majority of the side-pieces take the form of saddle-shaped 
denticles arranged in a long single row running parallel to and 
just inside the lip on either side. The uppermost piece on each 
side, however, is plate-like and the lowest is large and curved. 

A. verruca has a wide range in the Indian Empire and Ceylon 
but is somewhat sporadic. In the neighbourhood of Imphal we 
found it not uncommon on the underside of the floating stems 
of water plants and leaves in ponds. 


Ancylus (Ferrissia) viola, sp. nov. 

The shell is small and thin but opaque and of a dark brown 
or blackish colour. It is of suboval form, slightly narrower be¬ 
hind than in front and from It times to twice as long as broad- 
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The sides are slightly compressed, the anterior slope slightly con¬ 
vex and the posterior slightly concave. The apex, which is 
slightly eroded in the specimens examined is not greatly elevated, 
blunt, not at all produced or recurved, but turned a little to the 
right. It is situated in the posterior third of the shell. The 
lower margin is very narrowly flattened and sometimes obscurely 
retroverted. The whole of the external surface is smooth but 
covered in the specimens examined by a thin minutely rugulose 
deposit apparently of mineral origin. The interior has a dark 
violaceous colour owing to a bluish white glaze on the deep 
brown shell substance. It is marked with numerous concentric 
rather blunt ridges, one of which, situated about f up the shell, 
is sharp and more prominent than, the others. There is usually a 
band of white pigm*ent inmediately below the ridges. A micro¬ 
scopic sculpture of very fine straight longitudinal radiating striae 
can be detected under a high power, running from the inner 
surface of the apex to the lip. Near the margin also there are 
numerous transverse sinuate striae, equally minute, which give 
the interior of the lip a faint iridescence. 



Fig. 19 .—oi Ancyltis viola, .\nnandale and Prashad. 


Measurements of Shells (in millimetres). 



A (Type). 

B. 

C. 

D. 

E. 

Length 

47 

5'5 

47 

4-2 

37 

Breadth 

2*5 

2-8 

2-5 

2’4 

2-5 

Height 

17 

2*0 

1*2 

1*4 

20 


The animal is small as compared with the shell and no part 
extrudes in progression. The whole surface is rather opaque 
white with a clouding of black pigment on the head. The 
snout is broad and bluntly rounded in front, the tentacles short, 
and the eyes, which are black, are relatively large but not at all 
prominent. The foot is rather narrow and bluntly pointed behind. 
The left epipodial process is long and narrow. 

The buccal mass is stout and broad. The radula is relatively 
large and as seen in a position of rest from above is band-shaped, 
narrowing abruptly behind and apparently truncate in front 
owing to a small anterior portion being bent downwards and in¬ 
wards. The dental formula is approximately 10.8.1.8.10, but 
the outer marginals are very imperfectly developed and the inner 
marginals difficult to distinguish from the outer laterals. The jaw 



1921.] Manipur Molluscs. 591 

resembles that of A. {F.) verruca, but the central piece is larger 
and more compact, while the lateral pieces are fewer but larger. 

A short but capacious oesophagus leads to the stomach, which 
is divided into three regions by a very stout band of circular 
muscles. This band, which is interrupted on the lower surface, 
forms a kind of gizzard and when constricted gives the lumen of 
the stomach an hourglass-shape. The intestine has a precisely 
similar course to that of A. fluviatilis as figured by Simroth,^ 
but we could not see any processes, in our dissections, at the 
point where the intestine leaves the stomach ; Simroth shows 
them as well developed in A. fluviatilis. The anus is situated a 
short distance behind the base of the left tentacle. 

The genital pore is situated immediately in front of the anus. 
The genitalia are imperfectly preserved in our material but the 
female system seems to have been better developed than the male. 
The hermaphrodite gland is full of large ova. The penis is short 
and papilliform and a flagellum is present, but considerably shorter 
than in Ancylus fluviatilis as figured by Simroth {op. cit., pi. 
xxvi; fig. II). 

The kidney is large and occupies the anterior part of the 
branchial cavity. 

The edge of the mantle bears numerous minute conical refrac- 
tile bodies that do not seem to be of parasitical origin. 

Type-specimen. —No. M 11718/2 Zool. Surv. Ind. {Ini. Mus.). 

Localities, etc.—This species was found in abundance with 
Camptoceras lineatum on the lower side of floating grass-stems in a 
small, sluggish muddy stream running into the north end of the 
lyoktak Lake, Manipur, in February, 1920. It was also taken in 
the same situation in a small muddy pond at Dimapur in the 
plains of Assam just north of the Naga Hills. 

The stomach is full of mud containing the tests of numerous 
diatoms. The animal moves rather quickly on a smooth surface 
and can float shell-down wards just below the surface-film of the 
water. 

Affinities. —The shell closely resembles that of A. {F.) tenuis, 
Bourg., from South India but may be distinguished by its brilliant 
internal colour and fine but distinct sculpture. 


Ancylus (Ferrissia) ceylanicus^ Benson. 

187O. Ancyltts ceylanicus, Hanley and I'licobald, Conch. Ind., pl.l.\x<i, 
figs. I and 4. 

Among a number of specimens of A. {F.) verruca from a pond 
in Imphal we find a single shell that agrees closely with the figures 
of A. ceylanicus in the Conch. Iniica, which may probably be 
taken as a correct representation of this species. This specimen, 
is 6 mm. long, 4 mm. broad and 2*5 mm. high. 


* Bronn's Thier-Reichs III (Supplement), Mollusca, p. 338, fig. it3A (1911). 
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We retain this species as distinct provisionally for the animal 
and radula are very like those of A. [F.) verruca^ a species also 
found in Ceylon, and we are not entirely convinced that it may 
not be simply a very old phase of the latter species, perhaps only 
attained occasionally. Much smaller specimens of A. (F.) verruca 
are sexually mature, but this does not preclude the possibility we 
have suggested. 

Ancylus (Fcrtissia) baconi^ Bourguignat. 

1882. Ancylus haconi, Clessin, in Mart, and Chem., Conch.-Cab., 
Ancylinen, p. 61, pi. vii, fig. 7. 

Among the specimens assigned by Nevill to A. verruca, we 
find a small series from Orissa that differs considerably from 
shells of that species and agrees well with Clessin’s figure and with 
the original description of A. haconi. The species was originally 
described from Bengal and has since been recorded from the Philip¬ 
pines and Japan. 

The following observation is interesting as illustrating a 
possible mode of dispersion. Some years ago one of us captured 
in the canal at Cuttack in Orissa a large Dysticid beetle the 
elytra of which were covered with a species of Ancylus in consi¬ 
derable numbers. The specimens were sent to the late Dr. Gwat- 
kin and were apparently lost in transit. We are unable to say 
whether they belonged to this species or some other. 

Ancylus (Fcrrissia) tenuis^ Bourguignat. 

1862. Ancylus tenuis, Bourguignat, Spic. Mai,, p. 208. 

No figure of this species appears to have been published but 
large numbers of specimens that agree with the original descrip¬ 
tion were recently found by one of us in small streams at the 
base of the Nilgiri Hills, from which the species was originally 
described. The specimens from South India assigned by Nevill 
to A. (F.) verruca are similar, but seem to have been completely 
bleached. 

The species probably differs somewhat in habits from other 
Indian representatives of the genus. It was found on dead leaves 
in the pools of small hill-streams, specially those just above water¬ 
falls. 

THE AMPHIBIOUS PULMONATA (SUCCINKIDAE). 

By Amin-ud-Din. 

Genus Succinea, Drap. 

The Indian species of Succinea, so far as our knowledge ex¬ 
tends, seem to fall both anatomically and biologically into two 
groups; but no separation between these groups can be based 
on the shell-characters. Until we know more of the anatomy 
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and habits of the species it seems best not to propose taxonomic 
names for the groups, but they may be distinguished as follows :— 

I. Amphibious Group. —Species that live at the edge of 
marshes and lakes and are amphibious in habits. The dorsal wall 
of the lung is opaque. The radula is comparatively narrow and 
the number of longitudinal rows of marginals never exceeds 40. 
The prostate does not show a spiral torsion and the vas deferens 
is always long and turns up at the end to open at the tip of the 
penis. The penis possesses a single retractor muscle. There is a 
vagina and tlie male and the female ducts open in a common 
atrium. This group is known to include the following Indian spe¬ 
cies, 5 . indica, S. elegantior and S. rutilans. 

II. Terrestrial Group. —Species found living on the leaves 
of trees and bushes, at any rate in rainy weather. The dorsal 
wall of the lung is thin and translucent. The radula is broad 
and has over 80 longitudinal rows of marginal teeth. The vas 
deferens is rather short and straight. The penis is small and 
without a retractor muscle. The prostate has a spiral torsion. 
There is no distinct vagina or atrium, but the ducts of the recep- 
taculum seminis, the penis and the vagina open separately in a 
shallow slit-like common aperture on the surface of the body. 
The only Indian species of this group so far known anatomically is 
S. semiserica. 

Of the anatomy of most species of Succinea very little is 
known and practically no work has been done on the Indian species. 
Von Rieper^ has given a full description of the genitalia and 
physiology of S. putris^ while Ihering* gives a general account of 
the genitalia of the same species. Jacobi in his paper on Japanese 
Pulmonates® also gives a few notes on the anatomy of 5 horticola, 
Reinh. Both of these Palaearctic forms belong essentially, at any 
rate as regards Lhe radula and the generative apparatus, to my 
Amphibious Group. The small number of marginals, the presence 
of a retractor muscle and the large thick penis-sac are very alike, 
but Jacobi in his figure shows the different sexual ducts as having 
separate external openings. 

At first it was intended to describe only the anatomy of 5 . ele- 
gantioYy but as many interesting points came out in the dissection 
of other species it was decided to include short notes about them 
also for comparison and further reference. 

Succinea elegantior, Annandale, sp. nov. 

A species resembling 5 . semiserica, Gould, externally but with 
the shell smaller and narrower and having the spire still further 
reduced. 

The shell is rather small, thin but less fragile than in some 
species, - of narrowly ovate form, of a bright golden brown 


^ Ann. Soc Roy. Malac. Belgique XLVIl, pp. 125-191 (1912). 
® Jahrh. Deut. Malakozool. Ges. IV, pp. 136-142 (1877). 

8 Joiivn. Coll. Sci. Tokyo XXI, pp. 82-85 (1898-1900;. 
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colour, highly polished and sculptured with moderately strong, 
curved and sinuate, somewhat irregular striae. The spire is 
reduced to a mere tubercle but consists of two distinct whorls 
and is set on the body-whorl at a slight angle and directed 
outwards. The apex is minutely rounded and the penultimate 
whorl, though very small, swollen and oblique. The body-whorl 
is not at all tumid, but subcylindrical with nearly parallel sides 
and about twice as high as broad ; its anterior extremity is broad¬ 
ly rounded. The aperture, which is almost straight, is narrowly 
ovate, pointed above and about twice as high as broad. The 
outer lip is sharp and nearly straight, as is also the columella, which 
is slightly folded and. ridged above. There is a feebly developed 
callus joining the outer lip to the columella. The shell is imper¬ 
forate. All these characters are very uniform in a large series of 
shells. 



Fig. 20.—Shell of Succinea elegantior, Annandale, from Manipur. 


Measurements of Shells (in millimetres). 



A (Type). 

B. 

C. 

D. 

E. 

F. 

Height ... 

... 13*3 

I2'5 

14*0 

129 

10-5 

11*4 

Maximum diameter 

... 77 

71 

7-1 

6-8 

5’2 

6*2 

Height of spire 

2’0 

13 

1*8 

2-5 

I'O 

i '3 

Height of mouth 

... 11-4 

io’8 

II'O 

lO’O 

8*5 

92 

Maximum diameter of mouth 

... 5-6 

5'4 

5-8 

5-6 

4'2 

5*1 


Type specimen. —No. M 11861/2 Zool. Surv. Ind. {Jnd. Mus.). 

The species is, so far as we know, confined to Manipur Valley. 
It is found in abundance round the lyoktak I^ake and has also 
been met with sparsely at other places in the valley. It lives in 
damp localities, at the edge of the lake and other swamps and at¬ 
tached to various floating objects. Being lighter than water, it 
was frequently observed floating on the surface of water with its 
shell downwards and carried about by wind. lyiving specimens 
are sluggish on dry land and leave a trail of mucus behind them. 

Our station-book gives the following particulars:—“Very 
common on damp mud. Shell fragile and easily removed. Foot 
narrow, extending for some distance behind the shell and bluntly 
pointed posteriorly. Eye-stalks moderately long, tentacles reduced 




Fig. 21.—Genitalia of different species oi iiuccinea. 

I. S. elegantior, ventral view. 2. 5 . rutilans (a) dorsal view, (b) ventral 

view of the terminal portion only. 3. S. semiserica, (a) dorsal view, (6) ventral 
view. 4. S. indica, ventral view. 

a.g. albumen gland; h.d, hermaphrodite duct; h.g. hermaphrodite gland; 
p.r. prostate; p.s, penis sac; r.m.p. retractor muscle penis: r.s. receptaculum 
seminis; r.s.d. duct of the receptaculum seminis ; ut. uterus ; v. vagina; v.d. vas 
deferens: v,s, vesicula seminis. 
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to rounded tubercles. Edge of mantle not extending over the shell. 
Dorsal surface and sides of the body infuscated, with a pale 
irregular reticulum. A pale groove extending along the body 
below each eye-stalk. Eye-stalk internally black. Foot whitish 
with a dark reticulum or spots round the upper margin. Edge 
of mantle with black specks or spots.” 

The walls of the mantle are moderately thick and quite dark 
owing to a suffusion of black pigment. The mantle edge is thick 
and muscular. 

The pulmonary opening is situated a little behind the middle 
of the body, on the right side. It is placed on the edge of the 



Fig. 22 .—Succinea elegantior, Annandale. 

(a) Horizontal longitudinal section of the vesicula seminalis and adjoining 
structures. 

(i) Longitudinal section ol the penis-sac. 

a.g. albumen gland ; d.a.g. duct of the albumen gland; f.p. fecundation pouch ; 
Ji,d. hermaphrodite duct; p. penis; p.s. penis sheath; r.m.p. retractor muscle of 
penis; ut. uterus; v.d. vas deferens; v.s. vesicula seminalis. 



mantle and is a circular aperture with prominent edges incomplete 
below and with a horseshoe-shaped black band outside it. The 
opening of the ureter is slit-like and lies dorsal to the anus, which 
opens obliquely under the mantle edge. 

It will be convenient to describe the genitalia from above 
downwards. Within the apex of. the shell we find firstly the her 
maphrodite gland, a yellowish white mass of irregular shape, embed¬ 
ded in the liver and occupying the greater part of the spire. The 
hermaphrodite duct is a long tube, much convoluted and made 
conspicuous by its dark colouration, which is derived from the 
superimposed pigmented cells of the connective tissue. At the 
point at which the duct enters the albumen gland two club-shaped 
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structures open into it. These are the so-called seminal vesicles: 
they have thick muscular walls, and a narrow lumen containing 
spermatozoa. The hermaphrodite duct at this place swells up into 
a sm^all pouch called by Ihering {loc. cit.) the fecundation pouch. 
Its internal walls are thrown into complica’ed folds. On its exit 
from the albumen gland the hermaphrodite duct is continued as 
the uterus on one hand, and the male duct on the other. 

Taking first the female elements, we find the uterus descend¬ 
ing in numerous coils. Its walls when immersed in water assume 
a transparent gelatinous appearance. Distally it is somewhat di¬ 
lated and at the point of its junction with the duct of the recepta- 
culum seminis becomes considerably contracted. It is then con¬ 
tinued forwards as a muscular vagina. The receptaculum seminis 
is subcircular and has a long slender duct. The vagina is short 
but thick. 

The male duct on its exit from the albumen gland bears im¬ 
mediately a rather large, elliptical gland, the prostate, which lies 
on the right side below the uterus. The vas deferens runs close to 
the inner side of the vagina and at the point where vagina and penis 
meet together, it turns up sharply, and, running internally to the 
walls of the penis-sac, opens finally at the tip of the penis. The 
penis is a thick muscular organ, the internal walls of which are 
thrown into complicated folds and are glandular. The penis-sheath 
is thin and consists mainly of longitudinal muscle-fibres. The re¬ 
tractor muscle is attached close to the point where the vas deferens 
enters the penis. 

The male and the female ducts open separately into the short 
common atrium, which communicates with the exterior by a nar¬ 
row slit-like aperture. 

The Alimentary System .—The mouth is situated on the lower 
surface of the extreme anterior 
end of the snout and is bounded 
by fleshy lips. The buccal-sac is 
thick and globular. 

The jaw is black and stout. 

Tts cutting edge is broadly con¬ 
cave and has a rounded projec¬ 
tion in the middle. The acces¬ 
sory plate is rounded posteriorly 
and quite broad. The radula is a 
broad ribbon and has approxi¬ 
mately the formula 40.(10-12).!. 

(10-12).40. The central tooth has a greatly developed median cusp 
but the side cusps are sub-obsolete. Its base is horizontal and 
slightly concave. The margins of the basal discs are thickened or 
probably folded in, so as to form a vertical ridge on each side. 
They disappear on the upper part of this region of the tooth. The 
laterals are tricuspid, the inner cusp being long and nearly reaching 
the base. Their bases are not horizontal but obliquely truncate, 
the inner angle being at a considerably higher level than the outer. 



Fig. 23.— Jaws of Succtnea elegan- 
tior, Annandale. 
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The outer basal angle is lobate and the basal margin bears at least 
two narrow incisions separating blunt processes. The incisions 
are sometimes continued upwards on the side of the tooth as ver¬ 
tical grooves. The marginals are relatively small and have four 
denticulations. The outer cusps are comparatively longer. Their 
bases are very much reduced. 

Opening into the dorsal portion of the buccal mass are the 
ducts of the salivary glands. These glands are of irregular shape 

and lie one on each side 



Fig. 24. —Alimentary canal of Siiccinea 
elegantior, Annandale. 

rt. anus ; b.m. buccal mass; c. crop; /. 
jaw; o€s. oesopha^^us; r. rectum ; 
stomach. 


of the oesophagus. Their 
ducts are slender and, pas¬ 
sing underneath the cerebral 
commissure, open dorsally 
into the buccal-sac. The 
oesophagus arises from the 
dorsal aspect of the mass. 
Its proximal portion is quite 
short and muscular, while 
distally it becomes dilated 
and takes on the structure 
of the crop. The crop is a 
long, straight and thin-wall¬ 
ed wide tube, filling the 
greater part of the body 
cavity. Its distal end is 
constricted and is in conti¬ 
nuity with the bulbous stom¬ 
ach. The stomach turns 
sharply to the left and up¬ 
wards. The intestine and 
the rectum form a narrow 


tube and lie dorsal to the 


crop and stomach embedded in the substance of the liver. They 
form a double loop. The rectum bends down towards the right 
side and opens by a slit-like opening just under the edge of the 
mantle, near the middle of the body on the right side. 

The excretory system does not show any peculiarity. The 
ureter is closely applied to the dorsal surface of the rectum and 
opens by a separate aperture dorsally to the anus. 


Succinea rutilans, Blanford. 

The range of this species also appears to be restricted. It 
has so far been recorded only from the Khasi Hills in Assam. 
During our recent tour in the Manipur Valley it was occasionally 
found, occurring with the more abundant species S. elegantior, with 
which it is identical in habits and habitual environment. 

The animal resembles 5 . elegantior^ but its tentacles are less 
developed and the body is white, spotted with irregular black 
blotches. A black streak runs on each side of the head extending 
along the eye-stalks. 
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The male portion of the genital system is somewhat different. 
The prostate is sub-circular and the vas deferens moderately thick. 
The penis is elongate and has a recurved tip, which is in continuity 
with the vas deferens. The retractor muscle is attached at the 
point of curvature. 

In the female organs the uterus is much coiled on itself and 
becomes considerably narrowed at the point where the duct of the 
receptaculum seminis joins it. The duct of the receptaculum 
seminis is long and narrow. The vagina is elongate and thick. 
The male and the female ducts open in a common vestibulum, 
which is quite short. 

The jaw is slender and has blunt ends. Its cutting margin is 
without any irregularities, smooth and evenly concave. The quad¬ 
rate accessory plate is as broad as the 
jaw itself and rounded posteriorly. 

The radula is a long narrow rib¬ 
bon with only about 35 teeth in a 
transverse row. The dental formula is 
6.II.I.II. 6 . The teeth are normal as 
regards shape and structure; it is the 
small number of marginals that is ^ 

noteworthy. In the single available lans, Blanford. 

radula a very interesting abnormality 

was noted in that the seventh lateral tooth on the right side 
throughout the length of the ribbon has assumed to all appear¬ 
ances the form of a central tooth. 



Succinea scmiserica, Gould. 

This species has a fairly wide distribution. It has been found 
in Eastern Bengal, at Calcutta, in Pegu in Burma and in the 
Amherst and Tavoy districts of Tennasserim. Dr. H. H. Marshall 
of Rangoon, who has kindly sent the preserved specimens on which 
this study is based, has supplied the following information about 
its habits and environment:— 

‘^This species is very common during the rains round Ran 
goon in the islands in Hlewa-ga Lake and in Mr. Taylor’s Islanc 
in the Kokim Lake. They are generally found living on th* 
leaves of various plants, bushes and in moss-grown localities 
They seem to prefer mangoe, plantain and palm leaves.” 

From the above statement it will be seen that the animai 
lives mainly on fresh leaves and does not frequent dirty marshy 
places like those of the other group, which seem to prefer decay¬ 
ing vegetable matter as food. This species was found, moreover, 
in the rainy season, from June to September, while those of the 
other group have been commonly met with during the months of 
December to March. 

The animals I have examined are very much contracted and 
probably bleached owing to preservation in strong spirit. The 
body is bulky and the foot is narrowly tongue-shaped. The ven- 
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tral surface of the foot is white. The dorsal surface of the body 
is speckled with black blotches, which are absent on the left side. 
The dorsal wall of the pulmonary chamber is thin and transparent 
and the cavity itself is large. The edge of the mantle thins down 
on the side of the body and lies on it as a thin flap-like membrane. 
This may be a useful adaptation for the storage of moisture. 

The reproductive, organs are interesting in many respects, and 
belong essentially to a different type from those of the other spe¬ 
cies examined. 

The prostate as a whole appears to be sub-elliptical and to 
have an oblique cleft across its dorsal surface. This is due to the 

fact that the gland is twisted spirally 
round the vas deferens which issues 
from the cleft and, proceeding for¬ 
wards as a stout, straight tube be¬ 
comes swollen distally to form the 
penis. The penis when retracted lies 
obliquely in a thin-walled sac. It is 
a short muscular organ, sub-triangular 
in longitudinal section. Its lumen is 
narrow but swells up in the middle and 
again continues its course as a narrow 
tube, so that a cross-like appearance is 
produced. The penis has a thin mus¬ 
cular sheath but there is no retractor 
muscle. It opens into the shallow slit 
on the right side of the body common 
to it, the duct of the receptaculum 
seminis and the female duct. 

The female organs are also some¬ 
what peculiar. The uterus is much coiled and at its distal end 
becomes constricted and narrow. The receptaculum seminis has 
a long stout duct, as thick as the terminal portion of the uterus. 
The pores of the ducts of the male and female organs and of 



Fig. 26.—Penis of Succinea 
seiniserica, Gould. 





Fig. 27 .—Succinea semiserica, Gould. 
\a) Jaw. ib) Radular teeth. 
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the receptaculum seminis are contiguous and open in a common 
slit situated on the right side of the body, below the right tent¬ 
acle. 

The jaw is stout and has a deeply concave cutting edge. 
The margin of this edge is not smooth, but under a low power 
of the microscope shows small irregularities. The quadrate plate 
is broad and truncate behind. 

The radula is broad and moderately long. The teeth are 
normal and do not show any structural peculiarity. The dental 
formula, however, is 85.15.1.15.85, while in all the other species 
examined the marginals do not exceed 40. The large number 
of teeth in a single row may possibly be due to the food requiring 
a broad radula in order that a sufficient quantity of material may 
be rasped from the comparatively hard surface of growing leaves. 

Succinea indica, Pfeiffer. 

This species has hitherto been recorded from Kashmir, the 
Kumaon Hills and the Southern Shan States. It has now been 


^ ft 


a/. 

Fig. 28 .—Succinea indica, Pfeiffer. 

(a) Jaw. ^6) Radular teeth. 

found abundantly by Dr. Annandale in the North-West Frontier 
Province near Peshawar, and in the Punjab at Gurdaspur. In 
its general habits it resembles S. elegantior. Near Peshawar it 
was found on decaying reeds in the water of a swamp with very 
little sub-aquatic vegetation. 

Dr. Annandale’s field-book gives the following particulars 
about the living animal:— 

^'Animal as a rule dark in colour, almost black, with white 
longitudinal lines on the dorsal surface of the exposed parts of the 
body. Ventral surface of the foot grey, speckled with black. 
Mantle with pale spots. Tentacles reduced to small rounded 
tubercles. Exposed surface irregularly tuberculate. Foot narrow, 
tongue-shaped, broadly rounded in front and narrowly rounded 
behind. Young individuals paler than old ones.” 

The generative organs are slightly different from those of 
S. elegantior. The penis sac is elongately pear-shaped and acumi¬ 
nate distally. The prostate is narrowly elliptical. 
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The jaw is small and has rounded extremities. The cutting 
edge is concave and is provided with a central blunt projection and 
a subobsolete accessory projection on either side. The quadrate 
plate is narrow and rounded posteriorly. 

The radula is fairly long and broad and has the formula 28. 
12.1.12.28. The bases of the marginals are rather short and 
concave. 
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THE PELECYPODA. 

By B. Prashad. 

The collection of Lamellibranchs from Manipur described in 
the following pages is of special interest, in that most of the spe¬ 
cies are represented b5' large series of both dry shells and speci¬ 
mens preserved in spirit. This has enabled me to describe the soft 
parts of most of the species investigated. I have also included 
here the description of a new species of the genus Trapezoideus^ 
Simpson, collected by Mr. Sunder Lai Hora at Dimapur in Assam. 

In the collection this class is represented by the two families 
Unionidae and Cyrenidae. Of the former, specimens of the genera 
Indonaia, Lamellidens and TraPezoideus are represented, and of the 
latter there are specimens of Corbicula, Sphaerium and Pisidium, 
The most common genera in the valley are Indonaia amongst the 
Unionidae and Corbicula and Sphaerium amongst the Cyrenidae. 

Family UNIONIDAE. 

Genus Indonaiat Prashad. 

1918. Indonaia, Prashad, Rec. Ind. Mus. XV, pp. 146-148, fig. 2. 

In the Manipur Valley the genus Indonaia is represented by 
five species. Of these I. theohaldi is apparently confined to the 
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Manipur Valley, not being known from elsewhere, I scobina and I. 
lima are found in Burma, Assam and Eastern Bengal, while I 
bonneaudi and I. occatus have a very wide range. 

Indonaia occata (Lea). 

1914. Nodularia [Nodularid) occata, Simpson, Descr. Cat. Naiades, p. 

QB5. 

1915. Nodulaviai^Nodularia) occata, Preston, Faun. Brit. Ind. Freshiv.- 

Moll., pp. 138, 139. 

The specimens from the Manipur Valley closely resemble those 
of this species from other parts of India and I have no hesitation 
in assigning them to it. 

The soft-parts resemble those of I caerulea var. gaudichaudi 
described by me in the paper cited, but differ in having the palps 
much longer and ellipsoid in outline, in the anal being compara¬ 
tively larger, but of about the same size as the supra-anal and in 
the mantle connection between the supra-anal and anal being very 
small. None of the specimens are gravid but all the four gills 
have a marsupial structure. 

Preston {loc. cit ) givesBengal" as the range of distribution 
of this species. There are, however, specimens from various loca¬ 
lities in the United Provinces, the Central Provinces, Bengal, Assam 
and Burma in the Indian Museum collection. The species, there¬ 
fore, has a very wide range in India and Burma. 

Indonaia bonneaudi (Eydoux). 

igi4. Nodularia {Nodularia^ bonneaudi y Simpson, op. cit»y p. 988. 

1915. Nodularia, {Nodularia) bonneaitdty Preston, op. cit, 140, 141. 

Preston has referred to the great variation exhibited by this 
.species both as regards shape and in colour, and this is well brought 
but in the series before me. 

The soft parts resemble those of 1 . occata except that the 
branchial aperture is much larger, and the anal and supra-anal, 
which are of the same size, are about one half of its length. The. 
palpi are very elongate, somewhat triangular in outline and have 
a sharp tip. Only the outer pair of gills are fully charged with glo- 
chidia, and the inner pair have only a small number in them. 

There are only two specimens of this species in the collection, 
one from the Thobal Stream near Phaidai and the other from Sikmai 
stream six miles from Kakchin on the Manipur-Burma Road. 

Indonaia scobina (Hanley). 

1856. Unio scobinay Hanley, Recent Biv. Shells, p. 382, pi. xxiii, fig. 40. 

1876. Unio scobinuy Hanley and I'heobald, Conch, Indicat p, 22, pi. 

xlvi, fig. 2. 

1914. Nodularia {Nodularia) scobinUy Simpson, op. cit.y p. 996. 

1915. Nodularia {Nodularia) scobinUy Preston, op. cit,y pp. 142, T43. 

This species was originally described from a unique specimen 
from Assam. Hanley and Theobald have given a good figure of the 
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shell, but the specimen from Belgaum, Deccan (pi. xlvi, fig. 3), 
which they consider as a link between I. occatus and /. scobina 
does not appear to belong to either species. I scobina has a 
restricted range in Assam, Manipur and probably Burma, and 
does not occur in Peninsular India. Tbe only two specimens in 
the Indian Museum collection are from Sibsagar, North Eastern 
Assam, and the record of the specimens from the Manipur Valley 
greatly extends the known range of this species. 

Most of the shells collected by Mr. S. E. Hora from the Sik- 
mai stream are much larger than the Sibsagar specimens; one of 
the largest is 27 8 mm. long, 17 mm. high and 11*5 mm. in 
thickness. 

The animal differs from that of the other species in having the 
outer pair of gills shorter in both length and breadth than the 
inner pair and in the palps being rather small. 


Indonaia theobaldi (Preston). 

1912. Nodularia {^Nodularia) theobaldi, Y'reston, Rec. Ind. Mus.WW, 
p. 292. 

1914. Nodularia (Nodularia) theobaldi', Simpson, op. cit., p. 1002. 

1915. Nodularia (Nodularia) theobaldi, Preston, op. cit.,pp. 143, 144, 

fig. 8 (1-3). 

Preston described this species from two specimens in the 
Indian Museum collection from Manipur. The exact locality, 
however, whence these specimens were collected is not known. 
The species is one of the largest of the Indian forms of the genus 
Indonaia. 

Mr. S. L. Hora collected four specimens in the Sikmai Stream 
in the Manipur Valley. All these specimens, though a little 
smaller than the type-specimen, are quite like it in other respects. 
In all the specimens the umbones are much eroded. 

The soft parts resemble those of the other species of the 
genus. None of the specimens are gravid. 


Indonaia lima (Simpson). 

1900. Nodularia (Radiatula) lima, Simpson, op. cit.,p. 820. 

1914. Nodularia (Radiatula) lima, Simpson, op. cit.,\). 1018. 

1915. Nodularia (Radiatula) lima, Preston, op. c/^.,pp. 147, T48. 

Simpson in 1900 established a new section Radiatula of the 
genus Nodularia for the two Indian species Unio crispisulcatus 
and Unio radula of Benson, he also changed the name of the 
latter to Nodularia lima owing to the specific name radula being 
preoccupied In his later work, however, he expressed a doubt 
as to whether N lima did not really belong to the I. caerulea group. 
The sculpture of the shell of this species differs from that of the 
type-species of the Radiatula section and is very like that of occa¬ 
tus and scobina. The soft parts also resemble those of the two 
species in all essentials. 1 therefore place N (R.) lima of Simp¬ 
son, with species like occatus and scobina, in my genus Indonaia. 
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Preston^'S siliguriensis, which is a variety of L. lima will also have 
to be removed from the Radiatula section. 

It is not possible to decide definitely the exact position and 
relationships of I. crispisulcatus, the only other species left in the 
Radiatula section, as we know nothing of its anatomy, but its 
very characteristic sculpture alone might entitle it to a sectional 
rank. 

The shells collected by Mr. S. T. Hora are from the Sikmai 
Stream on the Manipur-Burma Road. The specimens are quite 
typical of the species but have the umbones much eroded. 

The soft parts resemble those of / occatus. 


Genus Lamellidens^ Simpson. 

1900. Lamellidens, Simpson, op. cit:. p. 854. 

1912. Lamellidensy Ortmann, Ann. Carnegie Mus. VIII,p. 277. 

1914. Lamellidens, Simpson, op. cit., p. 1165. 

1915. Lamellidens, Preston, op. cit., p. 174. 

1918. Lamellidens, Prashad, Rec. Ind. Mus. XV, pp. 144, 145. 

1919. Lamellidens, id., ib., XVI, p. 293, fig, 4. 

Simpson in the two works cited has greatly cleared up the 
synonymy of the various Indian species, but owing to the limited 
material at his disposal his descriptions are not quite accurate 
in all cases. At the time of the publication of his first work 
•nothing was known about the animal of any of the species and 
the position assigned by him to this genus in his classification was 
not correct. In his second work, though he included a refer¬ 
ence to Ortmann's paper, he still stated that the soft parts 
were not known. Preston has unfortunately created a great 
deal of confusion as to the nomenclature of the various species 
and varieties by indiscriminately combining many good species 
without assigning any reasons and in other cases by describing 
already known species as new. In my papers on the anatomy 
of the genus Lamellidens y I followed Preston’s nomenclature and 
my description of the soft parts of the genus was based on speci¬ 
mens which could, according to Preston’s identifications, hardly 
be separated from L. marginalis subsp. corrianus. Having now 
carefully studied the large collection in the Indian Museum and the 
fresh collection from Manipur I find that the above conclusions 
were not justified. Preston’s identifications of the Indian 
Museum collection are quite unreliable in many cases, the same 
species having been identified differently on different occasions. 
In this paper I do not attempt any more than to assign the 
Manipur shells to their proper species and to add notes on the 
distinctive characters of these forms. 

On examining fully gravid specimens of the typical L. margi¬ 
nalis, it was- found that the marsupium in this species is not 
formed by the outer pair of gills only but by all the four gills. 
In L. consobrinus and L. corrianus on the other hand only the 
outer pair of gills is marsupial. The soft parts of all these species 
are quite similar in other respects. It appears, therefore, that in 
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the genus Lamellidens we have probably two groups of species, 
in one of which the marsupium is formed by all the four gills and 
in the other by the outer pair only. This may possibly be 
correlated with the conditions under which the two groups of 
species are found. L. marginalis is a stream-form while L. corri- 
anus is commpnly found in ponds or very sluggish streams. In 
the case of typical stream-forms it may be necessary to produce as 
large a number of glochidia as possible as the chances of their 
being washed away are very great, and probably in response to 
this necessity all the four gills have taken on the marsupial func¬ 
tion in these forms. 

The formation of the marsupium by all the four gills in 
L. marginalis does not in any way affect the position assigned 
to the genus by Ortmann and myself in the subfamily Uriioninae 
of Ortmann’s classification, as the marsupium in this subfamily 
is stated to be formed either by all the four gills or by the outer 
pair of gills only. 

Lamellidens marginalis (Lamarck). 

1914. Lamellidens marginalis, Simpson, op. cit., pp. 1166-1168. 

1919. Lamellidens marginalis, Prasliad, op. cit., p. 293, fig. 4. 

In the paper cited above my description and figure of the 
animal of L. marginalis was based on specimens which 1 , with 
Preston, considered doubtfully to represent a variety of this spe¬ 
cies. As a result of a careful study of the whole collection in the 
Museum I find that these specimens really belong to L. corrianus, 
which I consider to be a distinct species. 

1 he description of the shell of this species in Simpson’s mo¬ 
nograph is fairly complete, but the following distinctive char¬ 
acters may be noted. The shell is sub-elliptical with slightly in¬ 
flated but not greatly elevated beaks. The dorsal slope is in most 
specimens a little curved and the posterior wing is very narrow. 
The hinge (fig. 29A) is formed by two lamellar pseudo-cardinals in 
the right valve; these are situated one below the other and the 
lower is better developed, both, however, are in continuation of 
the laterals; in the left valve there is only a single pseudo-car¬ 
dinal like a feebly developed ridge, simple in niost specimens but 
in a few becoming cut up by a notch into two. In the latter case, 
owing to the inclined nature of the notch and the unequal deve¬ 
lopment of the two component parts of the ridge of the anterior 
edge, the posterior of the two teeth comes to lie at a slightly 
lower level than the anterior tooth and this results in the produc¬ 
tion of two distinct pseudo-cardinals in the left valve also. The 
gradual evolution of the two teeth can be traced in a large series. 
The lateral teeth are somewhat curved, there being two in the 
left and a single one in the right valve. A trace of a second 
lateral in the form of a minute ridge at the base of the lamellar 
lateral of the right valve can also be seen in some fully grown 
specimens. 
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The animal differs from that of L. eorrianus described in the 
paper cited in the following characters :—The inner pair of gills is 
broader than the outer throughout its length. Both pair.s of gills 
are marsupial and when fully charged with glochidia are of a dull 
brownish colour. The palpi are comparatively larger and Elliptic 
in outline. The foot is better developed, being a powerful bur¬ 
rowing organ in this species. The branchial aperture is about 
one and a half times the size of the anal and has the papillae 
along its border more numerous and rnuch larger. 

Half a dozen specimens of thia species were collected by Mr. 
S. ly. Hora in a small rapid-running stream at Mara Khong at 
a distance of about six miles from Imphal on the Bishenpur Road. 
The shells of these specimens are quite typical of the species in 
shape but are rather thin. 

Lamellidens consobrinus (Lea). 

1911. Lamellidens consobrinus, Ortmann, Nautilus XXIV, p. 106, pi. 

vii, fig. 4. 

1914. Lamellidens consobrinus (in part), Simpson, ctY., pp. 1171, 

1172. 

1915. Lamellidens marginalis subsp. consobrina, Preston, op. cit., p. 

180. 

Preston considers L. consobrinus to be a subspecies of L. 
marginalis. After a careful comparison of large series of the two 
species I do not consider that this conclusion is justified. Preston 
was probably led to it by mixing up specimens of the two species 
while identifying the Indian Museum collection. Simpson in¬ 
cludes L. mainwaringi (Nevill MS.), Preston, as a synonym of L. 
consobrinus. Unfortunately Preston’s figures of the hinge of this 
species are very poor and his description of the shell also lacks 
precision in some important details. It may be noted briefly here 
that L. mainwaringi is a distinct species, not at all allied to L. 
consobrinus, its nearest relation amongst the Indian forms being 
L. eorrianus. 

The shell in this species is rhomboidal, rather solid, with 
the beaks more inflated and elevated than in L. marginalia. The 
dorsal slope is curved and obliquely truncate. The ,hinge (fig. 
29 B) is very different from that of L. marginalis. In the right 
valve there are two widely separated pseudo-cardinals lying one 
below the other, of these the lower is much larger, thicker and 
better developed than the upper. The left valve has two some¬ 
what ragged pseudo-cardinals more or less in the same line ; the an¬ 
terior of the two is very much larger .arid better developed. The 
laterals are distinctly arched, there .being a single well developed 
and the rudiment of a second in the right and two fully developed 
ones in the left valve. 

In a single male specimen in spirit the animal conforms to 
Ortmann’s description. 

The species is represented in the Manipur collection by a 
single specimen collected in the Sikmai Stream about six miles 
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from Kakching, on the Burma-Maniptir Road, and many empty 
shells from the banks of the Amambi stream some eight miles 
from Imphal. The shells of this species are locally known as 
Shuni-kongrein, and are utilised for the manufacture of lime. 

Lamellidens corrianus (I/ea). 

1914. Lamellidens coyfianus, Simpson,, op, cii., pp, 1174, 1175. 

1915. Lamellidens marginalis, subsp. corrianus, Preston, op. cit., pp. 

183, 184. 

This species is not a form of L. marginalis, as Preston thinks, 
but quite distinct, for not only are the shells different but the 
marsupium also is formed quite differently in the two species. 

The shell of L. corrianus is very thin and delicate, elongate- 
elliptical in form, with the beaks only slightly inflated and not at 
all elevated. The dorsal slope is comparatively long and straight, 
or nearly so, and the posterior wing is much broader than in L. 
marginalis. There are two pseudo-cardinals (fig. 29C) in the right 
valve, the upper of the two being rather small and thin ; in the 
left valve also the two pseudo-cardinals are distinct, but the upper 
and posterior one is feebly developed. The lateral teeth, which 
are two in the left and one in the right valve, are only slightly 
arched. 

The soft parts have already been described and figured by 
me as those of a form of L. marginalis. In the Manipur speci¬ 
mens also the glochidia were found in the outer pair of gills only, 
the inner pair being purely respiratory in function. 

This is the commonest Unionid in the Manipur Valley and is 
the only one found in the Loktak Lake. Large numbers of dead 
shells of this species were found by the Manipur Survey party in 
the swampy area at the north end of that body of water. Mr. S. 
L. Hora also collected specimens of it in various streams in the 
valley. 

Genus Trapezoideus, Simpson. 

1900. Trapezoideus, Simpson, op. cit., p. 858. 

1914. Trapezoideus, Simpson, op. cit., p. 1180. 

1915 Trapezoideus, Preston, op. cit., p. 193. 

Simpson established this genus in 1900 for a number of rather 
peculiar Burmese, Siamese, Cambodian and Sumatran Unionids 
and also included in it Benson’s species Unio theca from the Cane 
River, Bundelkhand, Central India. I have not seen specimens 
of this latter species but from the description it is doubtful 
whether the species is congeneric with the Burmese forms.* A few 
Specimens from the Koyna Valley, Satara District, Bombay Pre¬ 
sidency in the collections of the Zoological Survey, which had 
been wrongly identified as foliaceus (Gould), do not 

belong to this genus, but are specimens of the interesting form 


1 Simpson also on p. 1186 of his Catalogue {loc. cit.) expresses a doubt as to 
the exact systematic position of Benson's species. 
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Arcidopsis footei (Theobald). The genus therefore appears' to be 
a true Eastern one confined to Assam, Burma, Siam, Cambodia 
and Sumatra. 

In the collection the genus is represented by a single shell 
of T miseltus (Morelet) from the Manipur Valley and by many 
specimens of a new species from the base of the J>Jaga Hills, 
Assam. Living specimens of the new species were brought to 
Calcutta by Mr. S. L. Horn and from these I am able to describe 
the hitherto unknown animal of this genus. 

Animal with the.outer and inner gills of nearly the same width 
posteriorly, but the outer shorter in length than the inner; inner 
lamellae of the inner pair of gills united in the anterior f of their 
length to the abdominal mass on each side while in the posterior 
third the lamellae of the two sides are united with each other to 
the end. Palpi large. Mantle entire with quite simple margin. 
Branchial aperture large, of a light brownish colour, with many 


O.G. 



l-'iG. 30.—Soft parts of Trapezoideiis dhanuskori, Prashad. 

Ati. Anal aperture; Br. branchial aperture; F. foot; /.G. inner gill; P. palp ; 
O. G. outer gill; Sa. supra-anal aperture. 

rows of elongate papillae along the border. Anal aperture about 
f the size of the branchial, dark brown in colour and with a 
single row of minute papillae on its margins, supra-anal distinct, 
smaller than the anal and separated from it by a mantle connec¬ 
tion about half the size of the anal. Marsupium formed by all 
the four gills. 


Trapezoidcus misellus (Morelet). 

1900. Trapezoideus misellus, Simpson, op. cit., p. 859. 

1914. Trapezjideus misellus, Simpson, op. cit,, pp. 1182, 1183. 

1915. Trapezoideus misellus, Preston, op. cit., p. 194. 

Mr. S. L. Hora picked up a dead shell of a half-grown speci¬ 
men of this species at the edge of a swamp about five miles from 
the Thoubal Stream in the Manipur Valley. 

The shell is quite typical in shape and hinge, but does not 
show any sculpture owing to the umbones being eroded. 

The species was previously known from Siamj Tenasserim and 
Burma only. 
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Trapezoideus dhanushori, sp. nov. 

This interesting species was found by Mr. S, T. Hora in a 
stream known as Dhanushori at a distance of about a mile from 
Dimapur, Assam, and is not a Manipur species. It may be 
described as follows:— 

Shell (fig. 31) rather small, thin, trapezoidal, somewhat com¬ 
pressed, with a low posterior ridge and narrow wing. Umbones 
small, slightly tumid and deflexed inwards, sculptured with verti¬ 
cal ridges radiating outwards, more marked on the two sides than 
in the middle where they are less distinct. Anterior margin 
obliquely truncated rounded above, sharply curved backwards 
below; broadly rounded posteriorly. Ventral margin straight but 
slightly curved in near, the iriiddle. Surface concentrically sculp¬ 
tured with deeply impressed lines, a few radial lines-are also to be 



1 ‘ icj. 31. —Trapegoideus dhanushori, Prashad. 

A. Photograplis of the two valves of the type-shell. 

B. Hinge-teeth, 


seen on the posterior region. Epidermis brownish yellow. Right 
valve with two pseudo-cardinals, of which the outer is feebly 
developed, and a single slightly arched lateral; left valve with two 
pseudo-cardinals, of these the inner situated under the beak and 
continuous with the outer of the two laterals. Muscle-scars fairly 
impressed, anterior ones separate, posterior confluent; nacre 
greyish-yellow tinged with blue, under the beaks markedly yellow; 
slightly iridescent. 


Measurements of Shells (in millimetres). 



I 

2 

3 

Length 

35 5 


35-4 

Breadth 

197 

i 7.‘3 

i8’2 

Height 

13-2 

ri*6 

r 3’4 
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Type-series. —No. M 11962/2 in the Zool. Surv. Ind. (Ind- 
Mus.) 

The soft parts conform to the description of the genus given 
already. 

The type-series was collected in the Dhanushori stream in 
Assam. 

T dhanushori bears some superficial resemblance to T 
foUaceus (Gould), but differs in the comparatively more elongate 
shell, more evenly rounded anterior margin, poorly developed 
posterior wing and more prominent umbones. The hinge also is 
different in the two species. 

Family CYRBNIDAB. 

Genus Corbicula, Megerle. 

This genus is represented in the collection by three species. 
Of these C. striatella is common throughout India and Burma, 
C. occidens has a wide distribution in the Central Provinces, 
United Provinces, Bengal, Bihar and Orissa. Sikkim and Assam, 
while the exact habitat of C. subradiata was hitherto unknown. 

The only account of the anatomy of any of the Indian species 
is contained in a recent paper ^ by myself on the soft parts of 
C. ftuminalis —the type-species of the genus. The soft parts of 
the three species here discussed are very like those of C. fluminalis ; 
the differences from it are included in the notes on the different 
species. 

Corbicula occidens, Deshayes. 

1854. Corbicula occidens, Deshayes, Cat. Brit. Mus. Conchifera, p. 223. 

1900. Corbicula occidens, Preston, op. cit., p. 216. 

The range of distribution of the species according to Preston 
is ‘^Sikkim, Moradabad, Bengal,*' but in the collections of the 
Indian Museum there are specimens from various places in the 
Central Provinces, Bihar and Orissa, and Assam in addition to the 
localities given by Preston. 

The only point of interest to note in connection with the 
shell is the slightly discontinuous pallial line. The line runs down 
as a vertical straight line from the lower edge of the impression of 
the posterior adductor muscle, and this part forms a little more 
than a right angle with its horizontal continuation forwards to the 
scar of the anterior adductor muscle. This condition is a little 
more advanced than that in C. largillierti figured by Prime * and 
is correlated with a better development of the siphonal muscles. 

The soft parts generally resemble those of C. fluminalis 
described in the paper cited, but differ in having the siphonal 
muscles, the siphons and the foot a little better developed, in the 
inner pair of gills being much broader (about one and a half times) 


I Rec. Ind. Mi4S. XVIII, pp. 209-211 (1920). 

’ Ann. Lyceum Nat. Hist. N. York VIII, d. 420, fig. 4 (1867). 
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than the outer and the outer pair being a little shorter in length. 
The palpi, however, are comparatively larger. 


O.G. 



''F. 


Fig. 32.—Soft parts of Corbicula occidens, Deshayes, 

F, foot; LG. inner gill; M. mantle ; 0 ,G. outer gill; P. palp ; S. siphons. 


Many specimens of this species were obtained by the Manipur 
Survey party from a muddy channel flowing into the Loktak Lake 
near Potsengbam Bungalow. Specimens were also collected from 
various other streams in the Manipur Valley. 

Corbicula striatella, Deshayes. 

1854. Corbicula siriatella, Deshayes, Proc. Zool. Soc. London XXII, 
p. 344 - 

1867. Corbicula siriatella, Prime, Ann. Lyceum Nat. Hist. N. York 
VII, p. 74. fig. 22. 

This species is not confined to Pondicherry and Sind as 
Preston states, but is fairly common all over India. The only 
specimens in the present collection are from a small stream near 
Waikhong on the Manipur-Burma Road. 

The sinus of the pallial line is much better marked in this 
species than in C. occidens, and the siphons and siphonal retractor 
muscles are accordingly much better developed and distinctly 
marked off from the pallial muscle. I hope to elaborate this point 
for the other Indian species in another place. 

The soft parts, except for the differences noted above, are 
like those of C. occidens. 

Corbicula subradiata^ Prime. 

1867. Corbicula subradiata. Prime, op. cit., p. 75, fig. 23. 

1915. Corbicula subradiata, Preston, op. cit., p. 213. 

The precise locality from which the type-specimens of this 
species were obtained is not given by Prime. In the Conchologia 
Indica Hanley and Theobald state that they never obtained any 
specimens of this species and consider it and C. agrensis to be prob- 
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ably based on immature specimens. In the Manipur collection 
there are specimens from small streams near Potsengbam and from a 
large shallow artificial tank called Ningyang Pukri atimphal. All 
these specimens closely agree with Prime’s description and figures 
and are sexually mature. The shell in this species is rather small 
and apparently does not grow larger than 15 mm. in length. 
The pallial line is a regular curve and does not show any sinus. 

The soft parts resemble those of the other two species des¬ 
cribed already, but differ in the. poor development of the siphonal 
retractor muscles and the siphons. 

Genus Sphaerium, Scopoli. 

1900. Sphaerium, Preston, op. cit., pp. 223, 224. 

Three species of this genus have hitherto been described from 
India; of these S. indicum is a widely distributed species both in 



Fig. 33. —Hinge teeth of Sphaerium. 

A. S. indicum, Deshayes. B. S. austeni, Prashad. 

the plains and in the Himalayas, while S. avanum is only known 
from Ava and Pegu in Burma. The third species, S. montanum, 
Tapparone-Canefri,^ is only known from Burma but the original des¬ 
cription is not sufficient to identify this species. In the collections 
of the Indian Museum I have found specimens of an undescribed 
species from the Naga Hills and Manipur, probably from the collec¬ 
tions made in these parts by Tt.-Col. H. H. Godwin-Austen. The 
three species before me may be distinguished from'one another by 
the use of the following key :— 

1. Shell large, 9 5 mrn. in length, much swollen, with very 

prominent umbones and with strongly impressed con 

centric sculpture ... ... ... S. avanum. 

2. Shell smaller and not so much swollen as in S. avanum. 
a. Shell ovato-rhomboid, thin and translucent, with 

the umbones only slightly prominent and with 

very faint sculpture ... ... ... S. indicum. 


' Ann. Mus. Civ. Star. Nat. Genova (2) VII, p. 356 (1889), see Addendum, 
p. 630. 
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h. Shell elongate-ovate, rather thick and opaque, with 
the umbones more prominent than in S- indicum, 
but much less so than in S. avanum ; sculpture 
better marked than in S. indicum ... ... S, austeni. 


Sphaerium indicum, Deshayes. 

1854. Sphaeyium indicum, X^eshayes, Proc. Zool. Soc, London XXII> 
p. 342. 

IQIS* Sphaerium indicum, Preston, op. cit., p. 224. 

Preston is certainly mistaken in assigning this species to A. 
Adams and in considering Deshayes’ name as a manuscript name 
only, for the reference to the original description of the species 
cited above and noted by Preston is a paper by Deshayes on new 
species of shells in Cumming’s collection, and not by A. Adams as 
Preston states. A paper by A. Adams is published immediatel}'^ 
preceding that of Deshayes and Preston apparently confused 
them when citing the references. 



Fig. 34.—Soft parts of Sphaerium indicum. 

F. foot; I.G. inner gill ; O. G. outer gill ; M. mantle ; P. palp ; S. siphons. 

The hinge of this species differs from that of my new species, 
described further on, in the laterals being much better developed 
and less curved and in there being a single well-developed cardinal 
in the right valve, the second' cardinal of this valve is much reduced 
or even absent in some specimens. 

The soft parts of this species are described in detail below as 
no account of the anatomy of Indian species has been published 
before. 

The animal conforms in shape to that of the shell and is of a 
whitish colour. Of the adductor muscles, the anterior is rather 
small and rounded while the posterior is much larger and somewhat 
quadrangular in outline. The posterior retractor pedals are well 
developed and lie above the posterior adductors. The pallial 
muscles consist of radiating muscle-fibres starting from just 
below the pallial attachment and are continued in the inwardly 
reflected region of the mantle. No siphonal retractors can be 
distinguished from the pallial fibres. 
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The mantle is ver}'- thin and without any papillae on the edge. 
Its flaps differ from those of the geiius Corhicula in having a fairly 
broad portion of the free edge reflected inwards towards each other. 
The siphonal and pedal orifices are formed in the same way as in 
Corhicula by the union of the flaps of the two sides. 

The two siphons, anal and branchial, are quite separate tubu¬ 
lar structures capable of a fair amount of elongation; of the two 
the branchial is much better developed. Both siphons have 
smooth edges for the external openings, there being no papillae 
encircling them. Jacobsen ^ describes the siphons as having 
“ filaments encircling the apertures,’* this seems to be a mistake as 
none are present in 5 . indicum and none are shown for the Ameri¬ 
can species described and figured by Gilmore ; ^ Fischer ® also des¬ 
cribes the orifices of the siphons in this genus as simple. 

Jacobsen’s account of the gills in S. cornea is inaccurate when 
he says that “ the interior gills overlap the exterior ones, ” and a 
good deal of what he says further on is not easy to follow. F. 
Teidig’s* and Oscar Schmidt’s^ papers contain very little on the 
structure of the gills of the European species dealt with by them. 
I have not seen Drew’s paper* on the anatomy of S. sulcatum but 
from the summary in Gilmore’s paper cited already these two 
accounts seem to be the best ones available. Gilmore’s description 
of the attachment of the inner lamellae of the inner gills, how¬ 
ever, does not appear to be accurate when he says the inner 
lamella of the inner gill is attached to the body,” for in S. indicum^ 
as is usual in other Cyrenids, at least a portion of the inner gills (in 
this case nearly one-fourth of the total length) projects beyond 
the posterior limit of the body-mass. This posterior part of the 
inner lamella is not fused with that of the corresponding part of 
the lamella of the opposite side but is quite free. The two pairs 
of gills differ in length and width. The inner pair of gills is more 
than twice as broad as the outer throughout, while in the anterior 
region it is still broader, anteriorly it also extends a little further 
than the inner pair of gills. 

In the specimens examined the marsupium was found to be 
formed by the cavities of the filaments of the inner pair of gills 
only, as was observed by Gilmore in the American species. The 
Manipur specimens were collected during February and March, 
1920, and it appears, therefore, from the stage of development of 
the embryos in the brood-pouches that the breeding season of this 
species in Manipur starts some time in January if not earlier. 

The labial palps are triangular, slightly elongate structures 
partly covered over by the anterior portion of the inner pair of 


^ Proc. Roy. Dan. Soc. Nat. Hist. Ill (1828', translated by Prime in 
Mus. Comp. Zool. Harvard V, pp. 49-54, pi. iii (1878). 

Nautilus XXXI, pp. 16-31, pis. V, vi (1917). 

M-an. de ConchottoL, p. I093 (1887). 

* Muller’s Arch. Anat. Physiol pp. 47-66, pi. vi, ficrs. 8-l8 (l8SS). 

^ Ibid., pp. 428-439, pi. xvi (1854). 

^ Proc. Iowa Acad. Sci. Ill (1895). 
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gills. The oesophageal region is sTiort and curves back to open 
Into the spacious stomach. The intestinal region is comparatively 
short without any loops, and after a postero-dorsal course curves 
back tcf form the rectum, which after passing through the pericar¬ 
dium curves down to open at the anus just behind the posterior 
adductor muscle. The liver is large and well developed, the 
greater part of it lying within the umbonal region. The foot is 
a. very elongate, tongue-shaped structure in continuation of the 
abdoihinal mass and has the statocyst lying just a little below the 
boundary line between the abdominal mass and the foot. 

The nervous and reproductive systems are quite similar to 
those of Cdlyculina figured by Gilmore. 

The species is quite common in the Manipur Valley, and a 
large number of specimens was collected by the Manipur Survey 
party from various streams and ponds in different places. 


Sphaerium austcni, sp. nov. 

Shell elongate-ovate, swollen, sub-equilateral, comparatively 
thick, opaque; anterior margiA small, broadly rounded; posterior 

margin truncated, nearly straight; lower 
border somewhat curved. Umbones pro¬ 
minent, somewhat swollen, incurved and 
nearly touching each other in the middle. 
Epidermis rather smooth in young, with 
closely situated concentric striae in full- 
grown specimens; of a dark horny to a 
yellowish-brown in colour, shining, and 
with a distinct pale band along the mar¬ 
gin. Nacre whitish to light blue. Right valve with two lamellar 
laterals, of which the lower is better developed and has a broad 
triangular flange projecting inwards and upwards, and with two 
cardinals, of which the anterior is large and triangular and the 
posterior small and rounded. Left valve with a single lateral on 
each side and two cardinals, the anterior rounded and pad-like 
and the posterior small, thin and lamellar. 


Fig. 35.—Slull ol Sphaeri¬ 
um austeni, sp. nov. 


Measurements of Shells (in millimetres). 

A. B. C. 

Length . 9*4 7*5 5-8 

Breadth 7*3 5’6 4‘6 

Thickness. . 5*7 3'4 2‘9 

Type-series. 7141-8/1 Zool. Surv. Tnd. {Ind. Mus.). 

The type-series is from the Naga .Hills. x\ssam, and was prob¬ 
ably collected by Lt.-Col, H. H. God win-Austen, with whose name 
I have associated the species. There is also another series of this 
species from Manipur in the Indian Museum. 
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The species though closely allied to S.^indicum 6 \^&LS^ from 
it in the relative length and breadth of the shell, in the umbones 
being more swollen, in hinge-structure and the sculpture of the 
shells. 


Genus Pisidium^ Pfeiffer. 

1913. Pisidium, Woodward, Cai. Brit. Species of Pisidium', pp. 1, 2. 

1915. Pisidium, Preston, op. cit., pp. 224, 225. 

The Indian species of this genus are very imperfectly known, 
the descriptions of older authors being incomplete. A revision 
of the Indian species is in preparation and will be published 
separately; here I have only assigned the Manipur specimens to 
their proper species. 


Pisidium clarkeanum^ G. and H. Nevill. 

1871. Pisidium clarkeanum, G. and H. Nevill, fourn. As. Soc. Bengal 
XL, p. 9, pi. i, figs. 4, \a-d. 

1915. Pisidium clarkeanum, Preston., op. cit., p. 225. 

The original description of thfe species by G. and H. Nevill, 
as was pointed out by Theobald,^ is inaccurate in that the authors 
have wrongly described the posterior side as longer instead of the 
anterior; their figures, however, show the posterior side as the 
shorter of the two. 

In the Manipur collection there is a single specimen of this 
species collected by the Survey Party at Potsengbam near the edge 
of the lyoktak Take. I assign this single specimen to this species 
with confidence as I have compared it with the types, which are 
in the collection of the Indian Museum. 


Pisidium hydaspicola, Theobald. 

1878. Pisidium hydaspicola, Theobald, Journ: As. Soc. Bengal 
XLVII, p. 147. 

19^5* Pisidium hydaspicola, Preston, op. cit., p. 225, fig. 27. 

The species was originally described from Shupion in Kashmir, 
but there is a specimen of it from Bhagalpur, Bihar, and Mr. S. h. 
Hora also collected many specimens in a stream near the Yaribuk 
Bungalow and also from small streams on the road to Shugui from 
Wai-khong in the Manipur Valley. 

Most of the specimens are very small. Of those in spirit some 
are gravid. An account of their anatomy will be published along 
with the revision of the genus. 


1 Journ. As. Soc. Bengal, XLV, pt. ii, p. 188 (1876). 
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GEOGRAPHICAL AND ECOLOGICAL DISTRIBUTION, 
PLASTICITY AND VARIATION. 

By N. Annandai.®. 

Geographical Distribution. 

It will be as well for me to begin this section of our paper 
with a list of the species we have discussed. 

List of the Aquatic and Amphibious Mottusca of the Manipur Valley. 

GASTROPODA. 

Order Pectinibranchiata. 


Hydrobiidae. 

1. Amnicola {Alocinma) orcula (Fraueiifeld). 

2. Digoniostoma pulchellum (Benson). 

3. Digoniostoma textum^ Annandale. 

ViVIPARIDAE. 

4. Vivipara crassispiralis, Annandale. 

5. Vivipara oxytropis (Benson). 

6. Vivipara micron^ Annandale. 

7. Lecythoconcha lecythis (Benson). 

JVIELANIIDAE. 

8. Melanoides tuherculatus (Muller). 

9. Acrostoma variahilis (Benson). 

10 . Paludomus pustulosa^ Annandale. 

Ampullariidae. 

11. Pachylahra maura (Reeve). 

Order Pulmonata. 

SuCCiNEIDAE. 

12. Succinea rutilans, Blanford. 

13. Succinea eUgantiory Annandale. 

Limnaeidae. 

14. Limnaea acuminata, Lamarck. 

15. Limnaea ovalis. Gray. 

16. Limnaea andersoniana, Nevill. 

17. Limnaea ovalior, Annandale and Prashad. 
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Planorbidae. 

18. Indopianorbis exustus (Deshayes). 

19. Gyraulus convexiusculus (Hutton). 

20. Gyralus canton (Benson). 

21. Hippeutis (?) umbilicalis (Benson). 

22. Segmentina calathusXQQnson). 

23. Camptoceras lineatum, Blanford. 

Ancyeidae. 

24. Ancylus {Ferrissia) violuy Annandale and Prashad. 

25. Ancylus {Ferrissia) verrucay Benson. 

26. Ancylus {Ferrissia) ceylanicuSy Benson. 

PEIyECYPODA. 

Unionidae. 

27. indonaia occata (Lea). 

28. Indonaia bonneaudi (Simpson). 

29. Indonaia scobina (Hanley). 

30. Indonaia theobaldi (Preston). 

31. Indonaia lima (Simpson). 

32. Latnellidens marginalis (Lamarck). 

33. LamelUdens consobrinus (Lea). 

34. LamelUdens corrianus ^^2). 

35. Trapezoideus misellus (Morelet). 

Cyrenidae. 

36. Corbicula occidens, Deshay^es. 

37. Corbicula siriatellay Deshayes. 

38. Corbicula subradiata. Prime. 

39. Sphaerium indicum, Deshayes. 

40. Sphaerium austeni, Prashad. 

41. Pisidium clarkeanum, G. and H' Nevill. 

42. Pisidium hydaspicola, Theobald. 

Twenty’-two genera and subgenera are mentioned in this list 
of forty-two species. Of the genera and subgenera only six call 
for any special comment, the remaining fourteen being of wide and 
general distribution in the Oriental Region if not over the whole 
world. The six are Alocinma (subgenus of. Amnicola), Digonio- 
stoma, Lecythoconchay Camptoceras y Indonaia and Trapezoideus. The 
first of these is known from Mesopotamia Seistan, all parts of 
Peninsular India, Upper Burma and Manipur. Its headquarters 
are in Peninsular India. The genus Digoniostoma has recently 
been described to contain certain Peninsular Indian species. It is 
common all over India proper and Assam, but has not been found 
west of the Indus or in Burma. Lecythoconcha, on the other hand, 
is an eastern genus, the range of which extends from Manipur (and 
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possibly Sylhet) in the west across Upper Burma and China to the 
Philippines, Formosa and Japan. The precise geographical range, 
which at present appears discontinuous, is probably unknown. 
Species have been found in Kashmir, the valleys of the Ganges 
and Brahmaputra, Manipur and Japan. Our present knowledge 
of the anatomy of the Oriental Unionidae is too incomplete to 
render it possible to lay down exact geographical boundaries for 
the genera, Indonaia is apparently characteristic of the eastern 
parts of the Indian Empire, but extends well into Peninsular India, 
while Tra'pezoideus probably does not occur west of Eastern Assam 
and has its headquarters in the Indo-Chinese peiiinsular area. 

The genera of aquatic molluscs found in Manipur do not, there¬ 
fore, provide any very clear guidance as to the origin of its aqua¬ 
tic fauna, except in so far as they indicate the presence of a dis¬ 
tinct Far Eastern element. Lecythoconcha is the most noteworthy 
in this respect. It is also noteworthy, however, that the charac¬ 
teristic Burmese genera Hydrobioides, Taia and Temnotaia have 
not been found in Manipur. 

In analysing the list of species from a geographical point 
of view it will be as well to consider the Gastropoda and the 
Pelecypoda separately, for they follow different 'rules in their 
dispersal. There are twenty-six names of Gastropod species on the 
list. Three of these have a very wide, range in the Oriental 
Region namely Indoplanorbis exustus, which is common all over 
the plains of the Indian Empire east of the Indus, Siam, the 
Sunda Isles, etc.; Melanoides tuherculatus, distributed practi¬ 
cally all over the Ethiopian and Oriental Regions (except at high 
altitudes) and found also in adjacent parts of the Palaearctic and 
Australasian Regions, omA' Gyraulus convexiusculus, the range of 
which extends on the mainland from Mesopotamia to Eastern 
China and includes a considerable part of the Malay Archipelago. 

Nine species may be called Indian,” being found both east 
and west of the Bay of Bengal but not, or only a short distance 
beyond, the eastern boundaries of the Indian Empire and not or 
hardly west of the Indus. They are :— 

Amnicola orcula. Hippeutis (?) umhilicalis. 

Acrostoma variabilis. Segmentina calathus. 

Limnaea acuminata. 4 -ncylus verruca. 

Limnaea ovalis. Ancylus ceylanicus. 

Gyraulus cantori. 

The first of these species is essentially Gangetic and is re¬ 
placed in Peninsular India and Ceylon by a closely allied species 
or race, A. stenothyraides (Dohrn). It has not been found in 
Burma Limnaea acuminata and L. ovalis are found all over the 
Indo-Gangetic plain and Peninsular India. The former is known 
from Upper Burma ; the latter has not previously been recorded 
from any place east of the Bay of Bengal, and is very rare in 
Manipur. Gyraulus cantori is a scarce species, closely related 
to the widely distributed G. oonvexiusculus and at present known 
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only from the Ganges Valley and Manipur. Hippeutis (?) umbili- 
calis has a similar range but was described from Sylhet. It is 
the most abundant Planorbid in the Manipur Valley, but is scarce 
in that of the Ganges. The range of Segmentina calathus enttvidis 
from Seistan, beyond the western frontiers of the Indian Empire, 
to Upper Burma and Sumatra. The two species of Ancylus have 
both been found in Ceylon as well as in Peninsular India. The 
origin of most of these species is probably to be sought in the 
Gangetic plain or Peninsular India, but the species assigned doubt¬ 
fully to Hippeutis may be of Assamese origin. This is still more 
probable of Acrostoma variahilis, which is common throughout the 
plains of Burma and Assam but in India west of the Bay of 
Bengal extends only for a short distance up the Gangetic system, 
where its numerous varieties and phases have usually a dwarfed 
facies and do not exhibit the same sturdy appearance that they 
do further east. 

The ^‘Indian’’ element among the freshwater Gastropods 
of Manipur may thus be regarded as of mixed origin, partly 
Indian in a strict sense, partly immigrant into India proper from 
further east. But on the whole the former element predominates. 

The aquatic fauna of Assam has less of an indigenous element 
than that of the Ganges Valley and is, indeed, largely compounded 
of a mixture of that of India proper and that of Burma. The 
indigenous element, however, is not wholly wanting in the Brahma¬ 
putra watershed, and to this element we must assign three of the 
Manipur Gastropods, viz. Digoniostoma pulchellum^ which is 
hardly more than a local race of the Gangetic D. cerameopoma, 
Pachylahra maura^ which bears much the same relationship to the 
Gangetic P. globosa, and Camptoceras lineatum. This last species 
was originally discovered in what is now the Dacca District of 
Eastern Bengal, at a place beyond the political frontiers of Assam, 
but within the limits of the Brahmaputra system. It is note- 
worthj’’ as the only species of its genus that has been found at 
more than one place, and its rediscovery in Manipur has, there¬ 
fore, some interest. The species is abundantly distinct from any 
other. Its nearest ally is C. subspinosum from the valley of 
Kashmir in the western Himalayas. 

Two Gastropod species on our list have as yet been found 
only ill the Manipur Valley and at Dimapur in the plains of North¬ 
eastern Assam just north of the Naga Hills. They are Limnaea 
ovalior and Ancylus viola. 

The isolation of the Manipur Valley renders the existence in 
it of endemic species by no means surprising. So far as our 
knowledge goes, five Gastropod species on our list belong to this 
category, namely Digoniostoma textum, Vivipara crassispiraljiSf 
V. micron^ Paludomus pusiulosa, Succinea elegantior. Half of 
these belong to the genus Vivipara and it is worthy of mention 
that each of the two species belongs to a different section ‘ of the 


* Rec. Ind. Mus. XIX, pp. 112-114 (1920). 
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genus, V crassispiralis to the Viviparae bengalepses and V mic¬ 
ron to the Viviparae dissimiles. Each species, however, is quite 
distinct from any other, as are also D. textum and S. elegantior, 
the resemblance between the shell of the latter and that of the 
Indo-Burmese S. semiserica being superficial. The Paludomus, 
on the other hand, is closely allied to P. cornea^ a remarkably 
plastic Assamese species with many local races, amongst which 
the Manipur form might perhaps be included. 

Considered as a whole the Gastropod molluscs of the ponds ^ 
swamps and streams of Manipur are thus remarkable from a 
geographical point of view in only one feature, in the small 
evidence they afford of a close connection with those of Burma 
such as might have been postulated from the fact that the river- 
system of the Manipur Valley, in which the great majority of 
them live, is directly connected with the largest tributary of 
the Irrawadi and completely isolated from all other systems. 

We may now consider the geographical distribution of the 
bivalve molluscs of Manipur. Among these six genera are repre¬ 
sented, Indonaia, Lamellidens^ Trapezoideus, Corbicula, Sphaerium 
and Pisidium. The first three genera belong to the Unionidae, 
the last three to the Cyrenidae. As the two families have 
different means of dispersal and also different limitations in 
their dispersal, we may consider them separately. The parasitic 
period in the life of the Unionidae and the fact that the different 
species are attached to different species of fish in this period give 
the members of the family a peculiar means of progression from 
one part of a river-system to another and at the same time corre¬ 
late their geographical distribution with that of their hosts. 
We might expect, therefore, that the Unionidae of the Manipur 
Valley would be more exclusively Burmese than either the Gastro¬ 
pods or the Cyrenidae. Mr. Sunder Eal Hora, who has worked 
out the large collection of fish he made in Manipur, tells me that 
he finds among them a large proportion of Burmese species and 
that he obtained evidence, direct and indirect, that certain species 
migrate up the Imphal River at certain seasons. That such fish 
should bring with them from Burma the glochidia of Burmese 
Unionidae would be what might be expected. But the evidence 
for this is not very strong. The genus Trapezoidcus is certainly 
in the main a Burmese and Indo-chinese genus and the only 
species found in Manipur {T misellus) is a Burmese and Indo¬ 
chinese species, but the occurrence of another, hitherto undes¬ 
cribed species {T dhanushori, Prashad) north of the Naga Hills con¬ 
siderably discounts the value of this piece of evidence, though 
it does not run counter to it. Indonaia, although it has its 
headquarters in the north-eastern part of the Indian Empire, is 
by no means exclusively Burmese. Three of the four species 
found in Manipur have also been found in Assam if not in India 
proper, and only two of these in Burma, while the fourth is known 
only from the Manipur Valley. 

Even from-the Unionidae, therefore, evidence for any but a 
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recent connection with Burma is by no means strong, and the As¬ 
samese and Bengali element in the fauna is clearly shown. 

The three genera of Cyrenidae represented in the Manipur 
fauna are all of exceedingly wide range, Sphaerium and Pisidium 
being almost cosmopolitan, while Corhicula is found in the warmer 
parts of all regions.^ The species of these genera known from 
Manipur, with two possible exceptions, have* a wide range in north¬ 
ern India, the two exceptions being C. suhradiata, for which the 
Manipur Valley is the only precise locality recorded, and S. austeni 
which is only known from Manipur and the Naga Hills. Of the 
others, C. occidens and C striateUa occur all over the plains of In¬ 
dia, while S. indicuMy P. clarkeanum and P. hydaspicola have been 
found at considerable altitudes in northern India as well as in 
widely separated localities in the Indo-Gangetic plain. 

The Cyrenidae, indeed, provide as little evidence for long-estab¬ 
lished connection between the Manipur Valley and Burma as any 
other family of aquatic molluscs. 

To sum up, therefore, the geographicabaffinities of the aqua¬ 
tic and amphibious Mollusca of Manipur as revealed by the distri¬ 
bution of genera and species, it may be stated briefly that these 
affinities are rather with the molluscs of Assam and the Gangetic 
Valley than with those of the valley of the Irrawadi or the Salween 
and that the Burmese element is much smaller than might be ex¬ 
pected from the close connection between the river-system of the 
Manipur Valley and of the Irrawadi. 


Ecoi^ogicai, Distribution. 


As might be expected in a swampy valley like that of Manipur, 
the aquatic fauna is largely paludine. Even in the Eoktak Lake 
there has been no evolution of a true lacustrine fauna, and, indeed, 
the number of species of aquatic molluscs is comparatively small. 
The species found actually in the lake are— 


Vivipara oxytropis. Gyraulus cantori. 

Lecythoconcha lecythis. Hippeutis (?) umbilicalis. 

Limnaea acuminata. LamelUdens corrianus. 

Indoplanorhis exustus. Sphaerium indicum. 

Pisidium clarkeanum. 


The majority of these species are common in small ponds in 
the Gangetic Delta and none of them have been found in a true 
lake, except Indoplanorbis exustus^ which in the Irile Lake haunts 
only the swampy marginal zone and in the Tale Sap in Siam is 
found only among beds of weeds near the shore. The only species 
that are in any way characteristic of the Loktak Lake are the two 
Viviparidae. These attain their maximum development only in, 
the deeper part of the swamp, but both are found also in ponds 
and smaller swamps throughout the valley. No definite zones of 
life can be recognized here, but LamelUdens marginalis and Pisi- 


A It occurred in England in Tertiary times. 
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dium clarkeanum, burrowing species, were found only at the ex¬ 
treme edge of the northern part of the lake where the vegetation 
is less congested, while the third bivalve {Sphaerium indicum). 
which swarms freely among the branches of water-weeds, was most 
abundant in the deeper parts. 

Limnaea ovalior probably occurs in the Ivoktak I^ake when it 
is full as we found it in small pools that would be included at that 
season, but it is even more of an exclusively paludine species than 
those discussed as inhabitants of the lake. Indeed, it seems to be 
almost amphibious in habits and thus from an ecological point of 
view may almost be classed with Succinea elegans^ a species found 
in abundance at the edge of the northern part of the lake. 

Only a few species were found in running water, but here it 
is necessary to recognize a fundamental difference between the 
rapid-running streams of the hills, with their clear water and stony 
bed, and the sluggish, turbid rivers of the valley. In hill-streams 
the only Gastropods commonly observed were Paludomus pustulosa 
and the narrowest phase of Limnaea andersoniana. Bivalves were 
rather more common and included the following species, Corhicula 
occidenSy Indonaia bbnneaudi, I. theobaldi and I. limUy all thick- 
shelled forms, as is also P. pustulosa. At least two other species 
make their way into muddy, comparatively still pools in such 
streams, viz. Melanoides tuberculatus and Acrostoma variabilis. 

In the larger rivers of the valley the muddy bottom is fa¬ 
vourable to these two Melaniidae and also to the thin-shelled Uni- 
onidae of the genus LamellidenSy while in small, sluggish stream¬ 
lets and water-courses Ancylus viola^ Limnaea acuminata^ Corbicula 
occidens and Pisidium clarkeanum are sometimes not uncommon. 
It was in such a streamlet also that we iowad- Camptoceras lineatum. 

Generally speaking, the species of Paludomus, Acrostoma and 
Indonaia are inhabitants of running water. Paludomus is found 
as a rule iri mountain streams or at any rate in running water near 
the base of hills and* on a stony bottom, while Acrostoma and In¬ 
donaia need mud and therefore less rapid water. As is suggested 
in Dr. Baini Prashad’s part of this paper, the genus Lamellidens 
can probably be divided into two sections from an ecological point 
of view, one, which produces very large numbers of embryos and 
as a rule frequents running water, the other, with a smaller number 
of embryos, that affects ponds and swamps. These observations, 
to which there are of course exceptions, are on the whole substan¬ 
tiated in Manipur, but in . applying them it must be remembered 
that conditions in a very sluggish, weed-choked stream often 
approximate closely to those in a swamp and attract paludine 
forms. 

Variation and Plasticity. 

It is particularly interesting to contrast the Manipur Valley 
with that of the Inle Lake in reference to the variability and plas¬ 
ticity of the aquatic molluscs. As I have pointed out in the Intro¬ 
duction to this paper, the two valleys have certain physical fea- 
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tures in common, others, which are perhaps more important, 
widely divergent. Comparatively few species of molluscs are iden¬ 
tical in the two localities, and the general facies and composition 
of the fauna is very different. In the Inle Valley the two families 
of molluscs most remarkable for their plasticity are the Vivipari- 
dae and the Limnaeidae. As this is also so in the Manipur Valley, 
it will greatly simplify my comparison if I confine my remarks to 
these two families, I will begin to do so by drawing up in tabular 
form the main differences between the Viviparidae of the Inle Lake 
and those of the Manipur Valley. 



Ini,^; Vai,i,ey. 

Manipur Valuey. 

Genus represented 

Taia, Lecythocon- 
cha. 

Vivipara, Lecytho¬ 
concha. 

Predominant genera 

Taia. 

Vivipara. 

Number of living species 

Taia 5, Lecythocon¬ 
cha I. 

Vivipara 3, Lecytho¬ 
concha I. 

Fossil forms known 

Four {Taia). 

None. 

Number of species with 
highly sculptured shells 

5 recent, 4 fossil 
{Taia). 

2 recent {Vivipara). 

General character of shell- 
sculpture in such forms 

Nodular, squamose 
or spinose ridges. 

Smooth ridges. 


In considering the meaning of the differences thus summarily 
expressed v/e have to take into account not only the differences in 
environment but also the idiosyncracies of the different genera 
represented, for there is no fact more evident in the study of the 
freshwater molluscs than that different genera have different ten¬ 
dencies in the matter of variation and plasticity. At present we 
have three genera to consider, ViviparUy Lecythoconcha and Taia. 
It will be convenient to take Lecythoconcha first. 

Although this genus is present in both valleys it is so scarce 
in the Inle Valley, and I know so little about it there, that I must 
confine my remarks, so far as my own observations go, to its pecu¬ 
liarities in Manipur. I have selected this genus as the protagonist 
in my argument because its case is not complicated by the produc¬ 
tion of an abnormal and exuberant shell-sculpture. We may 
indeed, so far as Manipur is concerned, regard Lecythoconcha as a 
smooth-shelled genus. Further east, especially in Japan, we find 
shells presumably of this genus with a type of sculpture very like 
that of Vivifara oxytropiSy but we know nothing of their anatomy 
and they must for the present be ignored. It is probable that 
their case is similar to that of the species of Vivipara already 
mentioned and to be discussed further. 

The one species of Lecythoconcha found in Manipur extends 
the range of the genus a considerable distance westwards from its 
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headquarters in China, but it has colonized the Manipur Valley 
successfully and is at home in practically every part of its waters 
except in streams and rivers. Its plasticitv is remarkable, and 
has probably aided it in taking possession of a very large territory. 
In the Manipur Valley we found no less than four phases common, 
each in its proper environment, and, so far as I know, only one of 
these phases has been found outside the valley, unless the locality 
‘^Sylhet ” is correct for the forma typica, which I doubt greatly. 
Should my doubt prove unfounded it will not alter my argument. 
Of the four phases the largest and best developed is the one found 
in the central parts of the I^oktak Lake, amidst dense submerged 
vegetation but in comparatively clean water of relatively con¬ 
siderable depth. The. shell in this phase provides less evidence of 
interrupted growth than any of the others, less individual varia¬ 
tion and as a rule a greater symmetry in proportions. It is, indeed, 
of just such a type as might be expected to occur in conditions in 
every respect favourable to the species. The only approximation, 
however, to a true lacustrine type exhibited by it is its comparative 
thinness. It has no tendency whatever to assume the elongate 
conical outline of the lacustrine species of Taia. Indeed, it is 
more globose than the shell of either the phase found at the edge 
of the great swamp or that found in ponds. The rice-field phase, 
on the other hand, is still more globose than the deep-water one, 
but does not possess its symmetry or constancy to type. 

It is evident that we are here dealing with plasticity of a 
somewhat different type from that illustrated by the genus Taia 
in the Shan States, and with one in which the direct result of 
environment on the individual may be more safely postulated. 

Indirectly the structure and post-embryonic development of 
L. leoythis cast an interesting sidelight, though the adult shell is 
smooth or nearly so, on the question of the development of promi¬ 
nent spiral sculpture on the shells of the Viviparidae in certain 
circumstances, but this point can be discussed more clearly after 
the facts about Vivipara oxytropis have been summarized. 

Of the three species of Vivipara found in Manipur two are 
very scarce and have not been seen by me in their natural surround¬ 
ings. The third (V oxytropis) is, however, abundant and shares 
with L. lecythis the position of a dominant species throughout the 
valley. Two points have to be considered in reference to this spe¬ 
cies, its plasticity and its peculiar sculpture, the latter not so much 
for its own sake as for the light it throws, taken with certain facts 
in the life-history of L. lecythis, on larger questions. 

V oxytropis is not quite so abundant or so universally dis¬ 
tributed in the Manipur valley as L. lecythis. It is very nearly if 
not quite as common in the Loktak Lake, but much scarcer in most 
ponds and practically absent from the smaller swamps. This may 
perhaps be correlated with two facts, firstly that it is not nearly so 
plastic (i e. cannot adapt its external form to different types of 
environment so well), and secondly that it is so largely parasitized 
not only by a trematode (Leucochloridium encysted in its mantle, 
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as is also L. lecythis) but also by a leech of the genus Glossosiphonia 
(against which the Lecyihoconcha has a special protection, p. 549) 
that it is probably able to survive only in favourable circumstances. 
Moreover, we may correlate with these phenomena also the fact 
that the species has a very limited range, not having been found 
outside the valley except in one swamp in Tenasserim. That it is a 
highly specialized form there can be no doubt. The main features 
in which it differs from the majority of its congeners and of the 
species of Lecyihoconcha are the uninterrupted conical outline of 
its shell, the prominent but hollow spiral ridges on the shell and 
the great relative length of the processes on the edge of its 
mantle. Its large size is also a characteristic feature. 

The conical outline of the shell is a specific, or rather group 
character, not subject to marked individual variation or to 
plasticity. V oxytropis shares it with the much smaller and less 
highly specialized V microchaetophora from the plains of 'Eastern 
Assam. The spiral ridges on the shell are evidence of higher 
specialization and are not shared with V microchaetophora ; but 
they are remarkably constant in the species and are certainly 
correlated with the third anatomical character already mentioned. 

The processes on the edge of the mantle, though exception¬ 
ally well developed in V .oxytropis, are not peculiar to that species, 
but are found, in a less highly developed or rather more degenerate 
condition, in V hengalensis, in which they correspond in position 
with the dark spiral bands on the shell just as they do with the 
prominent ridges, which are also deeply pigmented, in V oxytropis. 
Moreover, similar piocesses are present in young individuals even 
of smooth-shelled species such as L. lecythis and then correspond 
with spiral rows of chaetae on the shell which disappear as matur¬ 
ity is attained. In the young mollusc, whether of L. lecythis or 
of V. oxytropis, there are three such processes, but v^hereas they 
disappear altogether in the adult of the former species, they be¬ 
come more numerous both in that of V oxytropis and of V hen- 
galensis. In the adult V hengalensis they are quite short even 
when fully expanded and project from the edge of the mantle, 
but in V oxytropis they are much longer and are bent back into 
the grooves on the internal surface of the shell that corresponded 
with the raised ridges on the external surface. The primar}'’ 
reason for their hypertrophy is probably, as I have pointed out 
on p. 549, that they function as an accessory breathing organ. 
The lidges on the shell in which they are lodged serve to protect 
them and have thus a definite use, unlike the sculpture on the 
shells of Taia or Margarya. 

As these processes and ridges on the surface of the shell of 
V oxytropis are constant they have little direct reference to either 
variability or plasticity. Indeed, the species is neither remarkably 
variable nor remarkably plastic. Male and female shells differ 
somewhat in outline, and individuals from ponds vary more, have 
not quite the same regularity of outline and do not as a rule grow 
so large as those from the koktak Lake, but no more can be said. 
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The importance of V oxytropis in the study of these phenomena 
only bteomes apparent when we compare the structure of its 
mantle and shell with those of the mantle and shell of Taia and 
contrast the constant character of the Manipur species with the 
])lasticit5'' and variability of such a species as T naiicoides. This 
I have done in another paper ^ in the Records of the Indian 
Museum. 

We may now turn to the Timnaeidae of the Inle g.nd Lok- 
tak Lakes. In the former body of water three species have been 
found, namely Limnaea shanensis, Annandale, L. andersoniana, 
Nevill and L. mimeticay Annandale. The last is a small and 
highly peculiar species only known from the Inle Lake and not 
exhibiting noteworthy variability or plasticity, except in so far 
that it is probably as a species the product of plasticity in some 
form of the L. acuminata group. L. shanensis is not, strictly speak¬ 
ing, a variable species, and we only know that it is or has been 
highly plastic through the existence of fossil or subfossil phases. 
With L. andersoniana 1 will deal presently. 

In the Loktak Lake the only species of Limnaea collected 
•was L. acuminata y but we may consider with it two other species 
found in swamps or ponds in the Manipur Valley. These are 
L. ovalior, sp. nov., and L. andersonianUy Nevill. 

L. acuminata provides us with one of the best examples of 
true or individual variability to be found in the genus. In 
some districts (see fig. 12, p. 569) there is a very great difference 
in the shape of different shells from the same environment, but 
this is not so, apart from aberrations or monstrosities, in the Lok¬ 
tak Lake. A slight plasticity, however, is to be found in that 
individuals from the less congested parts of the swamp have a 
distinctly smaller shell and a shorter spire than those from the 
margin, while thpse from a small sluggish stream in the vicinity 
have remarkably pale and fragile shells with a strong but irregular 
external sculpture. 

An interesting aberration is represented in our collection by 
a single specimen. It is remarkable for the very poor develop- 
ruent of its spire, a feature common in lacustrine forms of the 
genus. 

L. ovalior is known only from the swamps that surround the 
Loktak Lake and from Dimapur in the plains of Assam, north of 
the Naga Hills. In the latter locality it was found in a single 
pool of very foul water. Shells from this situation differ from 
those from the Manipur swamps in the same way as, but to a 
greater extent than, those of L. acuminata from the more con¬ 
gested part of the Loktak Lake do from those of the same species 
from its open region. 

It is in L. a'ndersoniana, however, that plasticity occurs in 
the most highly developed state. In the Inle Valley two forms of 


1 V.ol. XXII, pp. 243-266 (1921). 
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this species have been found—a broad form in ponds and a narrow 
form in a small stream. In the Manipur Valley and at Dimapur 
no less than fopr such phases occpr. Two of these are almost 
identical with the two from the Shan States and inhabit similar 
types of environment. A third phase, still narrower than that 
found in rapid running water in the valley, inhabits higher parts 
of the same streams, where they have the character of mountain 
torrents. Perhaps, however, the most interesting phase is that 
found at Dimapur in small cattle-ponds. It may be described as 
both intermediate in some individuals between the pond phase 
and the ordinary stream phase, and also, in other individuals, as 
a more extreme form of the pond phase. A partial explanation 
is probably to be found in the fact that the ponds it frequents are 
connected in the rainy season with small streams. The narrower 
individuals may be those that have grown up in these temporary 
streams, while the broader individuals are those that have never 
left the ponds. 

We thus see that whereas the type of plasticity characteristic 
of L. andersoniana is essentially similar in the Inle and Manipur 
Valleys, that observed in the Viviparidae is different in kind in the 
two localities. We do not find any species of mollusc in Manipur 
that exhibits the extreme variability in 1 shell-sculpture of Taia 
naticoides, in the Shan States, and even in L. acuminata variability 
in shell-form is much less marked in the I^oktak Lake than it is in 
many other localities. In the present state of our knowledge it 
is as well not to speculate further as to the meaning of these 
observations. 


ADDENDUM. 

Note on S'phaerium montanum^ Tapparone-Canefri. 

Since this paper went to press I have, through the kind 
offices of Dr. R. Gestro of the Genova Museum, had an opportu- 



'Iext-fig. 36.—Type-shell of Sphaerium 
montanum, Tapparone-Canefri. 




Text-fig. 37.—Hinge of the same. 


nity of examining the unique type-specimen of Tapparone-Cane- 
fri’s sphaerium montanum from Tenasserim, Burma, which I had 
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been unable to include in my revision of the Indian species of the 
genus Sphaerium {supra, p. 614) owing to insufficient information. 
As a result of my examination of the unique type I am now able 
to confirm the author’s opinion of his species from Burma being 
a distinct species. In the Indian Museum I was also fortunate 
in finding a specimen in Theobald’s Burmese collections of Uni- 
onidae which is referrable to this species. Unfortunately the 
exact locality of Theobald’s specimen is not known. 

I have nothing to add to Tapparone-Canefri’s description, 
but give below the measurements of the type-shell and of Theo¬ 
bald’s specimen. I have also taken this opportunity to publish 
a figure of the shell and the hinge-teeth of the type-specimen. 

Measurements {in millimetres). 

Type-specimen. Theobald’s specimen. 
Length 8*2 8‘i 

Breadth 7’3 7*4 

Thickness 4 3’9 

Tapparone-Canefri compared his species with 5 . indicum, 
Deshayes, but was doubtful as to its possible identity with 5 
avanum, Theobald. The species, however, has no relationship 
with S. avanum, and forms a distinct group with S. indicum and 
5 . austeni. From either of these species it is easily distinguished 
by its subquadrate shape, less tumid shell, less prominent umbones, 
which do not project so far upwards and inwards as in the other 
two species, proportionately larger lateral teeth and in having 
the two lamellar cardinals of the right valve distinctly separated 
from each other by a fairly deep notch. 


[B. Prashad.] 



EXPLANATION OF PLATE IV 
All the figures are from direct photographs of natural size. 

Vivipara crassispiralis^ sp. nov. 

Fig. I. —Type-specimen, from the Manipur Valley. 

Vivipara oxytropis (Benson). 

Fig. 2. —Male shell from the Loktak Lake, Manipur. 

,, 3.—Female shell from the same locality. 

,, 4.—Normal female shell of pond phase, from Imphal, 

Manipur. 

,, 5.—Very large male shell of the same phase, from the 

same locality. 



Plate IV. 
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Fig. 1. VIVIPABA CRASSISPIRALIS. Figs. 2-6. V. OXYTROPIS. 



EXPLANATION OF PLATE V 
All the figures are from direct photographs of natural size. 

Lecythoconcha lecythis (Benson). 

Fig. I. —Male shell of open-water phase {forma typica) from 
the central part of the Loktak Lake, Manipur. 

,, 2.—Female shell of the same phase from the same local¬ 

ity. 

,, 3.—Large shell (? c#*) of the marginal phase from the 

edge of the Loktak Lake, Manipur. 

„ 4.—Exceptionally large shell of the rice-held phase 

(= ampuUiformis, Eydoux and Souleyet) from the 
Manipur Valley. 
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EXPLANATION OF PLATE VI, 

All the figures are from direct photographs of natural size. 

Lecythoconcha lecythis (Benson). 

Figs, i, 2.—Large shells of pond-phase from Imphal, Mani¬ 
pur. 

Acrostoma variahilis (Benson). 

Fig. 3. —Type-specimen of var. laevis, nov., from Sylhet. 

,, 4.—Another specimen of the same variety, from the 

Manipur Valley. 

,, 5.—Cotype of var. semilaevigata^ Nevill, from Sylhet. 

,, 6.—Cotype of var. ^ubspinata, nov., from the Manipur 

Valley. 






EXPIvANATION OF PIRATE VII. 


The line between the two views of each shell shows the actual 
height of the specimen. 


Limnaea acuminata ^ lyumarck. 

Fig. I. —Shell from the edge of the Eoktak Eake^ Manipur. 

,, 2.— Normal shell from a patch of Potamogeton near the 

outflow of the same lake. 

,, 3.—Abnormal shell from the same habitat. 

Limnaea ovalior^ sp. nov. 

Fig. 4.—Shell from a pool of foul water in the jungle near 
Dimapur, E. Assam. 

Figs 5, 6.—Shells of the type-series, from a buffalo-wallow 
at the edge of the Eoktak Eake, Manipur. 




A. C. Chowdhary del. 


Pigs 1_3. LIMNAEA acuminata. Lam. Figs. 4—6. L. OVALIOR. sp, nov. 


PLATE Vll. 













































EXPIvANATION OF PEATE VIII. 

The line beween the two views of each shell shows the actual 
height of the specimen. 

Limnaea andersoniana, Nevill. 

Fig. I. —Type-specimen (pond-phase) from Nantin, Yunnan 
[Anderson). 

Figs. 2, 3.—Shells of the intermediate phase from a pool at 
Dimapur, Assam. 

Fig. 4. —Shell of stream-phase from the Manipur Valley, 
Assam. 

,, 5.—Shell of same phase from Yarkand [Stoliczka). 

,, 6.—Shell of hUl-stream phase from the Pagla Nadi near 

Bishenpur, Manipur. 
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LIMNAEA ANDERSONIANA. Nevill 


PLATE VIM 











